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ABSTRACT 
Petrology of the Middle Jurassic Twin Creek Limestone, 
Lincoln and Sublette Counties, Southwestern Wyoming 
by 
David R. Raubvogel, Master of Science 
Utah State University, 1984 
Major Professor: Dr Peter T. Kolesar, Jr. 
Department: Geology 
The Twin Creek Limestone of Middle Jurassic age was studied in 
the Tunp, Salt River, and Wyoming Ranges in southwestern Wyoming. 
Modern carbonate environments and their ancient analogs were compared 
with information obtained from field study and petrographic analysis 
of samples of the Twin Creek Limestone in order to delineate environ-
ments of deposition, paleogeography, and diagenetic history. 
Six major lithofacies were recognized: (1) carbonate mudstone; (2) 
carbonate mudstone breccia; (3) fossiliferous wackestone; (4) 
packstone-grainstone; (5) terrigenous mudstone; and (6) sandstone. 
These lithofacies were deposited in a variety of environments, 
including outer shelf platforms (carbonate mudstone and fossiliferous 
wackestone), oolitic sand belts (packstone-grainstone), open to restric-
ted lagoons (carbonate mudstone, fossiliferous wackestone, and ter-
rigenous mudstone), tidal flats, and supratidal environments 
(terrigenous mudstone, sandstone and carbonate mudstone breccia). 
The Twin Creek epeiric seaway experienced two major transgressions 
(early Bajocian and late Bathonian-ear l y Cal lovian ) and two regressions 
X 
xi 
(early Bathonian and middle Callovian). Lateral migration of the 
adjacent facies occurred in response to these changes in sea level. 
Eogenetic features include minor compaction, micritization, coarse 
fibrous rim cementation, granular cementation, syntaxial rim cementation 
and silicification of carbonates. These features were produced in 
environments ranging from freshwater phreatic to marine phreatic. 
Mesogenetic diagenesis was characterized by pressure-solution features 
and neomorphism. Telogenetic features are limited to calcite vein-
fillings and oxidation coatings on carbonate and detrital grains and 
cements. 
(187 pages) 
INTRODUCTION 
General Statement 
This report summarizes a study of the depositional environments and 
diagenesis of the Middle Jurassic Twin Creek Limestone in southwestern 
Wyoming. 
The Twin Creek Limestone was selected for study mainly because 
during my experience as a petroleum well logger in the Wyoming Over-
thrust Belt, I was first impressed by the great areal extent and 
diversity of lithofacies in the Twin Creek Limestone in the subsurface 
and second, by the fact that relatively little was known about the 
depositional environments in the Twin Creek Limestone. 
Purpose of the Investigation 
The objectives of this investigation were: (1) to reconstruc t 
the depositional environments indicated by sedimentologic attri-
butes; (2) to determine the paleogeographic setting; and (3) to deter-
mine the sequence of diagenetic alteration. 
Location of the Study Area 
The study area is located in Lincoln and Sublette counties Wyoming. 
It is bounded by longitudes 1100 30' and 1110 00' west and latitudes 
420 00' and 430 30' north. Sections were measured in the Afton quadran-
gle (Cottonwood Creek and South Piney Creek), Cokeville quadrangle 
(Sliderock Creek and LaBarge Creek), and Sage quadrangle (Leeds Creek) 
(Fig. 1). The study area extends east to west for 29 km (18 mi.) and 
FIG. 1. - Map showing the field area and locations of measured 
sections. (adapted from Rubey, Oriel and Tracey, 1975) 
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north to south for 67.7 km (42 mi), for a total area of 1958 km2 (756 
mi 2). 
One stratigraphic section (Cottonwood Creek) with good exposures 
was measured in the Salt River Range. Two sections were measured in 
the Tunp Range, one with good exposures (Sl iderock Creek) and the other 
with only fair exposures (Leeds Creek). Two sections (LaBarge and 
South Piney Creek) with good exposures were measured in the Wyoming 
Range. In the Leeds and Sl iderock Creek sections, the contact with the 
underlying Nugget Sandstone was covered with red soil as similarly 
described by Imlay (1967). 
Field reconnaissance of six other localities described by Imlay 
(1967) in and around the study area proved them to be inadequate for 
this study due to very poor exposures . All the sections were accessible 
by motor vehicle. One to five kilometers of hiking were required to 
complete the measurement of most of the sections. 
Geologic Setting 
The Twin Creek Limestone in the study area is underlain unconfor-
mably by the Nugget Sandstone and is overlain conformably by the 
Pruess Sandstone. The study area is set in the rugged topography com-
prising the Wyoming Overthrust Belt. Peaks in the study area 
range from 2134 to 3354 m (7,000 to 11,000 ft) in elevation. Major 
topographic features from west to east include: (1) Star Valley; (2) 
Salt River Range; (3) Tunp Range; (4) Greys River Valley; (5) \~yarning 
Range; and (6) Green River Basin. Major Laramide thrust faults in the 
area include the Crawford, Tunp, Absaroka, Darby, and Prospect from 
4 
5 
east to west respectively. The thrust faults and mountain ranges gene-
rally trend north-south. The stratigraphic sections were measured along 
valleys and ridges created by thrusting along the Tunp, Absaroka, 
and Prospect thrust faults. North of the study area lie the impressive 
peaks of the Gros Ventre, Teton, and Snake River mountains. To the 
west are the Wind River Mountains. 
Stratigraphy 
The Twin Creek Limestone was divided by Imlay (1953) into seven 
members (A-G). Imlay (1967) formally named the members from the base 
to the top as fol lows: Gypsum Springs; Sl iderock; Rich; Boundary Ridge; 
Watton Canyon; Leeds Creek; and Giraffe Creek. The Twin Creek 
Limestone is characterized by two thick splintery mud stone members 
which form barren slopes. 
silty to sandy limestone 
Other characteristic lithologies include a 
member located in the upper portion of the 
formation, two red-silty limestone members in the lower third of the 
formation, and one resistant cliff-forming limestone member at the top 
of the lower third of the formation (Imlay, 1967). A generalized summary 
of the Twin Creek Limestone lithologic characteristics is given in 
Table 1. The northern and southern equivalents of the Twin Creek 
Limestone and the formations comprising its lower and upper contacts are 
depicted in Figure 2. 
Nature of Contacts 
The choice of the lower contact between the Nugget Sandstone and 
Gypsum Springs Member of the Twin Creek Limestone was made on the basis 
Table 1. - The generalized sedimentary facies of the Twin Creek Limestone 
(after Imlay, 1967). 
Member 
Giraffe Creek 
Leeds Creek 
Watton Canyon 
Boundary Ridge 
Rich 
Sliderock 
Gypsum Springs 
Sedimentary Facies 
Mostly gray silty to sandy limestone 
with some oolitic limestone. 
Mostly light-gray soft, dense, shaly, 
splintery limestone. 
Mostly dense, dark-gray, compact, 
brittle, fossiliferous, oolitic, 
even-bedded limestone. 
Red, green and yellow, soft siltstone 
interbedded with silty to sandy or 
oolitic limestone. 
Medium gray, shaly, splintery 
limestone. 
Grayish-black, medium-thin bedded 
limestone with some basal oolitic 
beds. 
Mostly red, soft siltstone and 
brecciated vuggy or chert-bearing 
limestone, with some gypsum. 
6 
FIG. 2. - Correlation chart of the Twin Creek Limestone in the 
western interior region. (adapted from Imlay, 1967, 
1980 and Sprinkel, 1982) 
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of distinct lithologic differences between the two formations. At the 
Leeds Creek and Sliderock Creek sections the contact was chosen at the 
junction between the red soil-covered ravine and outcrops of the Nugget 
Sandstone (Fig. 3). The upper contact, between the Preuss Sandstone 
and the Giraffe Creek Member was designated as the point where the 
silty yellowish mudstones of the Giraffe Creek Member grade into the 
soft red s i ltstones of the Preuss Sandstone. The contacts between 
the different members of the Twin Creek Limestone were located according 
to the lithologic characteristics described by Imlay (1967). Some 
difficulty was encountered when placing boundaries between the Leeds 
Creek and Giraffe Creek members due to the gradational nature of this 
contact. The contact in most cases was chosen where the beds in-
creased in s i lt, although, at certain localities, the placement of 
this contact was somewhat arbitrary. 
Field and Laboratory Methods 
Field work involved the detailed measuring of five stratigraphic 
sections during the summer of 1982. Information concerning the loca-
tion of Twin Creek outcrops was obtained from Rubey's (1973) geologic 
map of the Afton and Big Piney quadrangles and Oriel and Platt's 
(1980) geologic map of the Preston 10 x 2° quadrangle. All the sections 
were measured with a Jacob staff, Brunton compass and steel tape measure 
as described in Compton (1962). Samples of each member were collect-
ed at variable intervals, depending upon the heterogeneity or homoge-
neity of the unit (lithologic variables). However, samples in the 
Rich and Leeds Creek members, which appeared homogenous in the field, 
9 
FIG. 3. - Red soil covered ravine marking the Twin Creek 
Limestone and underlying Nugget Sandstone contact. 
10 
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were collected no more than every 30 to 46 m (100-150 ft) apart strat-
igraphically. In each section features such as bed thickness, attitude, 
bedding, rock type, organic sedimentary particles, inorganic sedimentary 
particles, sedimentary structures, color, and nature of contacts were 
noted. 
Laboratory work included preparation of thin sections and polished 
slabs for all the samples collected (266 total). The thin sections 
were stained for both calcite and K-feldspar to help distinguish calcite 
from dolomite and K-feldspar from plagioclase. Petrographic and bi-
nocular microscopes were used to examine thin sections. A light diffu-
ser (Delgado, 1977) was used on recrystallized samples to discern 
or iginal tex t ures . Point counts were performed on thin sections (100 
total) from the two stratigraphic sections (Sliderock Creek and South 
Piney Creek) determined to be most representative of the Twin Creek 
type deposition according to lithologic descriptions by Imlay (1967). 
Three hundred points were counted for each of these samples to attain 
an acceptable estimation of percent constituents (2%-5% absolute error 
for 300 counts; Plas and Tobi, 1965). Visual estimation of constituent 
percentages was performed on the remaining samples utilizing estima-
tion charts in Scholle (1978). Visual estimation can produce results 
comparable to point counting in determining the abundance of grain 
types (Flugel, 1982). 
Petrographic study was an important means of interpretation of 
depositional environments. Dunham's (1962) and Folk's (1962) classi-
fications of carbonate rocks, Folk's (1974) classification of sand-
stones, and Wilson's (1975) checklist of carbonate depositional features 
12 
were utilized. 
The amount of insoluble residue was determined for 231 of the rock 
samples. Each sample was crushed in a chipmunk rock crusher and 
powdered in a Spex mixer/mill so that the sample would pass through a 60 
mesh sieve. The samples were digested in 20% (v/v) HCl and rinsed in 
deionized water to remove the Cl residue. The amount of insoluble 
residue was measured, and the nature of the insoluble material was 
determined by x-ray diffraction techniques. Scans of each sample were 
run from 20 to 450 29 at 20 2 8 per minute using Ni-filtered CuK~ 
radiation at 35Kv and 16mA on a Siemens Krystalloflex IV x-ray dif-
fractometer. To differentiate smectite clay minerals from chlorite, a 
number of samples were glycolated following the procedure of Hutchison 
(1974, pp. 226-228). Kaolinite peaks were distinguished from those of 
chlorite by heating the samples to 550° C for one hour to destroy the 
structure of kaolinite. This procedure will not affect the structure 
of chlorite, so that it may be distinguished from kaolinite. 
A number of mudstone samples (8 total) were studied with a scan-
ning electron microscope. Samples with a high percentage of micrite 
(88%-96%) and with only minor recrystallization were chosen because 
samples with their original crystallography would provide the best 
features for identifing the micrite's modes of origin. The samples were 
reduced to about 6-l0mm in size. Fractured surfaces were utilized for 
the investigation because textural features are more readily apparent 
on those samples than on polished and etched surfaces (Flugel et al., 
1968). Sample preparation consisted of mounting the samples on 
specimen stubs and shadowing the fractured surfaces with gold in a 
13 
Polaron Sputter Coater. The samples were run on an AMR-1000 SEM. The 
operating procedures and sample preparation techniques used were those 
of Youssef (1983). 
Cluster analysis was performed on all the samples collected from 
the Twin Creek Limestone in an attempt to support the subjective 
categorization of samples by their petrographic attributes. This multi-
variate numerical technique is an effective way of displaying complex 
relationships among many variables (Flugel, 1982). If parameters sen-
sitive to environmental conditions are cbosen, sample groupings created 
by cluster analysis probably formed under similar depositional condit-
ions. For further information concerning the applicability of multivar-
iate techniques in facies analysis of carbonates consult Purdy (1963), 
Klovan (1964), Behrens (1965), Bonham-Carta r (1965), Ekdale et al. 
(1976), Smosna and Warshauer (1979), and Flugel (1982). 
Petrographic attributes of the Twin Creek Limestone were the prima-
ry variables utilized for constructing the data matrix to be analyzed. 
The variables included the percent of noncarbonate grains, allochems, 
orthochems and insoluble residues (Table 2). Forty-one attributes were 
considered out of the fifty-six petrographic attributes measured. Fif-
teen of the attributes were subjectively excluded due to their low 
percentage and occurrence in the various rock types. 
Q-mode cluster analysis was employed to measure the association 
of each sample with every other sample on the basis of its variables 
or attributes (Sokal and Sneath, 1963). Dissimilarities among the 
samples were measured in terms of average Euclidean distance (djkl· 
This dissimilarity coefficent was selected because both quantitative 
Table£.:.:_ Attributes chosen for cluster analysis 
Nonbioclastic Grains 
1. Ooids 
2. Peloids 
3. Intraclasts 
4. Lumps 
Bioclastic Particles 
5. Pelecypods 
6. Gastropods 
7. Crinoids 
8. Echinoids 
9. Bryozoans 
10. Ostracodes 
11. Foraminiferids 
37. Calcispheres 
Orthochems 
12. Micrite 
13. Spar Cement 
14. Neomorphic Spar 
15. Microspar 
Miscellaneous 
36. Vuggy Porosity 
38. Fracture Porosity 
40. Interparticle Porosity 
41. Insoluble Residue 
Noncarbonate Grains 
16. Monocrystalline Quartz 
17. Microcystalline Quartz 
18. Cha 1 cedony 
19. K-feldspar 
20. Plagioclase 
21. Magnetite 
22. Hematite 
23. Limonite 
24. Tourmaline 
25. Zircon 
26. Biotite 
27. Muscovite 
28. Pyrite 
29. Authigenic Quartz 
30. Volcanic Rock Fragments 
31. Claystone Clasts 
32. Siltstone-Claystone Clasts 
33. Opaline Silica 
34. Limestone Clasts 
35. Microcl ine 
39. Ool omite 
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attributes and missing values could be utilized and it was hoped that 
the size difference (measure of the absolute separation between two 
profiles) between the object's data profiles would contribute to their 
similarity (Romesburg, 1983; p. 179-180). The computer program Clus-
tar (Romesburg and Marshall, 1984) was utilized to run the Q-mode analy-
sis. 
The analysis was performed by the unweighted pair-group method 
using arithmetic averages (Sokal and Sneath, 1963, p.230-234). This 
method usually imparts the least structural distortion that is i nherent 
in displaying a multidimensional structure in two dimensions (Rohlf, 
1970; p. 63; cited in Smosna and Warshauer, 1979). The cophenetic 
correlation, ~hich measures how well the dendrogram and the res emblance 
matrix relate was fairly high (low distortion), with an average of 0.82. 
Q-mode clust er analysis of samples of the Twin Creek Limestone 
yielded seven major groupings of lithofacies (Plate 2). The major 
clusters on the dendrogram consisted of carbonate mudstones, fossilife-
rous wackestones,terrigenous mudstones, mixed silt-rich rocks, pack-
stone-gra ins tones, sandstones, and mi see 11 aneous l ithotypes. Diss im i-
1 arity val u·es for the l ithofacies ranged from 0.032-0.023 in the 
carbonate mudstones, 0.032-0.041 in the terrigenous mudstones, 0.038-
0.051 in the fossiliferous wackestones, 0.036-0.095 in the mixed silt-
rich rocks, 0.016-0.073 in the sandstones, 0.029-0.076 in the packstone-
grainstones, and 0.125-0.175 in the miscellaneous lithotypes. 
The most distinct clusters of samples were the carbonate mudstone 
and sandstone lithofacies. These two clusters displayed fairly low 
dissimilarity values. The samples comprising the two groupings were 
16 
extremely consistent, with almost no overlapping of different rock 
types. The other cluster groupings displayed various degrees of inter-
mixing (overlapping) of rock types (i.e., minor intermixing in the 
packstone-grainstone cluster to considerable intermixing in the mixed 
silt-rich rocks). The cluster of terrigenous mudstone contained some 
silt-rich packstones and wackestones. The intermixing in this 
lithofacies cluster and in some of the other clusters might be explained 
by the lack of weighting importance applied to grain-supported and 
mud-supported textures of the rocks during cluster analysis. Cluster 
analysis gives more importance to the percent of silt in these rocks 
than to their textures. 
The rock types comprising the cluster of miscellaneous lithotypes 
are both rare and unusual in the Twin Creek Limestone. This is 
attested by the high dissimilarity values (0.125-0.175) for this cluster 
on the dendrogram. The miscellaneous lithotype cluster contains 
crystalline carbonates, cherts, silicified 
carbonate mudstone breccias. Therefore, it 
carbonate mudstones, and 
seems that this cluster 
grouping was controlled by the uniqueness of these rocks, which was a 
direct result of rare diagenetic processes. 
In summary, cluster analysis was a useful method of delineating 
differences among the lithologies present in the Twin Creek Limestone. 
The results are compatible with those obtained from the subjective 
appraisal of the data. Rocks which were grouped together can be 
inferred to have formed under similar hydrodynamic and physico-chemical 
conditions. 
17 
PREVIOUS TUDIES 
The Twin Creek Limestone was first defined by Veatch (1907) for 
exposures of marine limestones, shales, and sandstones near Twin 
Creek in southwestern Wyoming. The majority of previous research on the 
Twin Creek Limestone was done by R. W. Imlay (1953, 1967), and entailed 
measurements of numerous stratigraphic sections and ·summarization of 
lithologic and stratigraphic characteristics of the Twin Creek Limestone 
from field observations. He also identified many of the fossils 
found in the Twin Creek Limestone. More recently, Imlay (1980) has 
compiled a work discussing the paleogeography of the Jurassic in the 
conterminous United States. 
Paleoecologic studies of the Twin Creek have been done in the 
Thistle, Utah, area by Bordine (1965) ~nd Bullock (1965). Both 
workers measured incomplete sections from the Gypsum Springs Member to 
approximately the Watton Canyon Member. Bordine's (1965) study was 
primarily geochemical, utilizing Sr/Ca and Ca/Mg ratios and insoluble 
residues to determine environmental parameters during Twin Creek time. 
Bordine (1965) recognized five distinct facies in that section, inclu-
ding poorly indurated red silt and claystone, calcareous sandstone, 
calcareous shale, oolitic limestone, and micrite. Low Sr/Ca ratios in 
the red beds and calcareous sandstone facies were thought to represent 
below-normal salinities in a nearshore to subaerial environment. The 
calcareous shales were suggested to have formed under conditions of 
normal-marine salinity, with Sr/Ca ratios, faunal occurrences, and low 
amounts of insoluble residues indicative of shallow, offshore-marine 
environments. The micritic beds containing few fossils and high amounts 
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of insoluble residues were believed to indicate turbid, normal-marine 
conditions. 
Bullock's (1965) work was principally a petrographic study of the 
Twin Creek Limestone. Bullock (1965) recognized six distinct facies in 
his section, four of which represented a complete regressive-transgres-
sive cycle. The cyclic sequence, from the base up, contained: 
paper-thin shales; red beds; oolitic limestones; and micrites. He 
concluded from his study that the paper-thin shales were deposited in a 
regressing sea under shallow, normal-marine conditions. The red beds 
were thought to be of subaerial origin. The oolitic limestones were 
believed formed in a transgressing sea under shallow, agitat ed condi-
tions. The two other facies found were a clay facies, and a br eccia 
facies which formed due to the dissolution of gypsum and collapse of the 
overlying micritic beds. 
In the Boundary Ridge Member in southeastern Idaho, Perry (1978) 
identified a new species of brachiopod (Cryptorhynchia bearensis) 
which lived in a large community of oysters dominated by Liostrea stri-
gilecula White. Near the Gros Ventre slide, Wyoming, Philip (1963) 
identified a new regular echinoid, Parastomechinus brightoni, in the 
Twin Creek. Ehleiter (1981) studied bryozoans from the Twin Creek 
Limestone near Kemmerer and Jackson in western Wyoming. Ehleiter's 
(1981) comparisons with previous studies of Middle Jurassic bryozoans 
(mostly European) indicated that one of the Twin Creeks species was 
previously known only to Europe (the ctenostome, Ropalonaria). However, 
unknown types were discovered and were proposed as three new species. 
The most common of the new species was an erect, delicate, 
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branching cyclostome referred to as Entalophora. Erect, thin, 
sheet-like cyclostomes belonging to Diastopora and a few encrusting 
sheet-like cyclostomes representing Berenicea were identified. 
The southern equivalents of the Twin Creek Limestone, namely the 
Arapien Shale and the Carmel Formation, have been studied by Picard 
(1980), Picard and Uygur (1982), Sprinkel (1982), Rigby (1964), and 
Dover (1969). Picard's (1980) research dealt mainiy with the origin 
of the Arapien evaporites, through petrographic analysis of samples 
collected in central Utah. Picard (1980) suggested that the evaporitic 
facies (laminated gypsum, cross-stratified gypsum, coarsely crystalline 
gypsum, nodular gypsum, and halite) along with other closely associated 
facies (ripple-marked micrite, and red beds) were deposited in a 
shallow-marine environment, where the maximum water depth did not exceed 
100 meters. Picard and Uygur's (1982) study dealt primarily with mixed 
terrigenous-carbonate rocks of the Arapien Shale in central Utah. 
They identified two major rock units, a clayey and silty micrite, and 
mixed terrigenous-carbonates. The mixed rocks were characterized 
by subarkosic sandstones and sandy oolitic sparites which were inter-
preted as deposits of shoals, beaches, tidal bars, lagoons, and tidal 
flats. In the central Utah region, Sprinkel (1982) reported new evi-
dence from drilling in the region that established the correlation of 
the Arapien Shale with the Twin Creek Limestone of northern Utah. In 
the subsurface the Arapien Shale is separated from the underlying Navajo 
sandstone by a sequence of carbonate rocks that are part of the Twin 
Creek Limestone. The sequence between the basal Gypsum Springs Member 
and the Watton Canyon Member was recognized in the subsurface. The two 
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uppermost members, the Leeds Creek and Giraffe Creek, were not recog-
nized. The positions of the Leeds Creek and Giraffe Creek members in 
some wells are occupied by rocks characteristic of the Arapien Shale. 
Sprinkel (1982) therefore suggested that the Arapien Shale may be 
correlative with the Leeds Creek and Giraffe Creek members of the Twin 
Creek Limestone. Rigby's (1964) work on the Carmel Formation and 
Twin Creek Limestone of the Uinta Basin area summarized the lithologic 
characteristics of the formations. Similar studies were compiled by 
Stokes (1957, 1959) and Hardy (1952) in central and northern Utah. 
Dover (1969) studied the paleoecology of the lowermost part of the 
Carmel Formation in the San Rafael Swell area of central Utah. He 
determined that the interlayered fossiliferous and unfossiliferous beds 
represented deposition in warm seas of varying but high salinities 
during the early part of Carmel time. 
The northern equivalents of the Twin Creek Limestone are: the 
Gypsum Springs Formation of central and northern Wyoming; the Piper 
Formation of Montana; the lower and middle part of the Sawtooth Forma-
tion of Montana; the Rierdon Formation of Montana, and the Sundance 
Formation of Wyoming and South Dakota. A discussion of these formations 
can be obtained in the paleoenvironmental and paleogeographic studies of 
Imlay (1956, 1967, 1980) and of Wright (1973). 
From an economic standpoint, the findings of Swetland et al. 
(1978) on the petroleum source-bed potential of the Twin Creek Limestone 
were negative. In their study of seven localities in the Idaho-Wyoming 
thrust belt, samples of the darkest and least weathered limestones 
of the Twin Creek were found to be extremely low in organic matter. 
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LITHOFACIES 
General Statement 
To facilitate paleoenvironmental reconstruction of the Twin Creek 
Limestone, rock samples were categorized into groups with similar 
features. The categorization of lithotypes was done both subjectively 
and by the statistical method of cluster analysis which quantitatively 
defined relationships among the samples. Six major lithofacies were 
distinguished (carbonate mudstone, fossiliferous wackestone, pack-
stone-grainstone, carbonate mudstone breccia, terrigenous mudstone and 
sandstone). However, some samples within certain lithofacies differ 
little from those of other lithofacies. Sample groupings (cluster 
analysis) therefore, inevitably overlap in some cases. 
Petrographic, insoluble residue, and x-ray data are given in Appen-
dix A, descriptions of measured sections are given in Appendix B, and 
the cluster analysis data matrix is in Appendix C. 
Carbonate Mudstone Lithofacies 
The carbonate mudstone lithofacies consists of fossiliferous 
carbonate mudstones, silt-bearing carbonate mudstones, and nearly 
pure carbonate mudstones. The dominant colors on fresh surfaces are 
light olive gray to light olive black (5Y6/l-5Y2/l, Goddard, 1963) and 
on weathered surfaces 1 ight gray (N7). The carbonate mud stone 
lithofacies is typically splintery, and usually, poorly exposed. Bed-
ding and sedimentary textures include horizontal bedding, wavy lamina-
tions, bioturbate fabrics, and trails on bedding surfaces. Bedding 
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thicknesses range from a few mm to 20 cm, but are commonly 3 mm to 7.5 
cm. Allochemical constituents consist of pellets, peloids, rare ooids, 
pelecypods, gastropods, calcispheres, echinoids, crinoids, ostracodes, 
and foraminifera. The terrigenous components are commonly angular to 
subangular, range from medium silt to very fine sand sizes, and consist 
of quartz, plagioclase, K-feldspar, muscovite, biotite, pyrite, hema-
tite, and limonite. Minor amounts of organic matter are also present. 
Most of the terrigenous material is localized in silty laminae or 
isolated lenses. Pyrite is commonly observed in circular-shaped areas 
as minute (<0.03mm) pellets. These pellets are most likely the result of 
burrowing infauna. The majority of the carbonate mud present in this 
lithofacies is "true micrite" ( 3-5 microns; Wilson, 1975; p. 63) 
although microspar is present in some samples. 
Insoluble residues ranged from 2.8% to 54.1% and averaged 19.70% 
in this lithofacies. The composition of the residue is primarily 
quartz, plagioclase, K-feldspar, illite-micas, and smectite. 
Unidentified peaks are present at 15.20° 29 and 14.70° 20, and may be 
organic compounds. 
The carbonate mudstone lithofacies volumetrically is the most 
abundant carbonate rock in the Twin Creek Limestone. It is pres-
ent principally in the Rich and Leeds Creek members. 
Fossiliferous Wackestone Lithofacies 
The fossiliferous wackestone lithofacies includes pelecypod-rich, 
crinoid-rich, peloid-rich, silt-rich, and oolitic wackestones. On fresh 
surfaces the colors are typically light olive gray (5Y6/l) to olive 
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black, (5Y2/l) and on weathered surfaces are medium gray to medium 
dark gray (N5-N4). The dominant sedimentary features are horizontal 
bedding and bioturbate fabrics. Horizontally bedded units often contain 
elastic and bioclastic laminae which display parallelism of grains' long 
axes. Bioturbation is evidenced by mottled textures and feeding trails 
on bedding surfaces. At South Piney Creek, rare soft sediment 
deformation and convolute bedding were present and were unique to this 
area (Fig. 4). Bedding thicknesses range from 3 mm to 45 cm, and 
average 7.5 to 12.5 cm. 
Allochemical constituents are typically crinoids, echinoids, pele-
cypods, gastropods, bryozoans, pellets, peloids, ooids, and intra-
clasts. Some of the bioclasts are present in laminae that exhibit 
grain-to-grain contacts and qualify as packs tones. However, these 
laminae usually are contained within rocks where the majority of bio-
clasts are mud-supported and, hence, are included as part of the wacke-
stones. 
The terrigenous components generally consist of quartz 
(monocrystalline, opaline, and chalcedonic), plagioclase, K-feldspar, 
muscovite, biotite, hematite, and limonite. These grains are angular to 
subrounded, and range in size from medium silt to very fine sand. 
Insoluble residues range from 10.2% to 62.0% and average 22.5%. 
The composition of the residue primarily consists of quartz, plag -
ioclase, K-feldspar, illite-micas, smectite, and chlorite. 
The fossiliferous wackestone lithofacies is found in the Rich, 
Boundary Ridge, Watton Canyon, Leeds Creek, and Giraffe Creek members. 
However, it occurs most commonly in the Boundary Ridge and Leeds Creek 
Members. 
FIG. 4.- Soft sediment deformation structure. (Hammer 
handle for scale) 
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Packstone-Grainstone Lithofacies 
The packstone-grainstone lithofacies includes primarily oolitic 
packstones and grainstones, with subordinate packstones and grain-
stones rich in one of the following: silt, pellets, crinoids, pelecy-
pods, and chert nodules. Intercalations of grainstones and packstones 
commonly exist. The color of these rocks varies greatly, but primarily 
ranges from dark yellowish brown to dark gray (10YR4/2-N3). In outcrop 
this lithofacies is very resistant and well exposed. A suite of 
sedimentary structures and textures is present, with current ripple 
bedding and current ripple laminations being the most common. Other 
sedimentary features include horizontal and flaser bedding, current 
ripples on bedding surfaces, bioturbate fabrics, vertical burrows, 
and feeding trails on bedding surfaces. Bedding thickness ranges 
from 3 mm to 120 cm. The beds with current ripples usually range from 
1.25 to 60 cm in thickness. The horizontal beds generally are 
thicker, and range up to 120 cm. Flaser bedding occurs rarely, and is 
found only in the packstones. At the Leeds Creek and South Piney 
Creek sections, flaser bedding was conspicuous in the lower part of the 
Giraffe Creek Member (Fig. 5). 
This lithofacies displays the greatest abundance and highest 
diversity of allochems found in any of the lithofacies. The allo-
chems include ooids, pellets, peloids, lumps, intraclasts, pelecypods, 
gastropods, bryozoans, coralline algae, dasycladacian algae, echino-
derms, foraminiferids, sponge spicules and the only vertebrate bone 
fragment found during this study. Most of the rocks in this lithofacies 
FIG. 5. - Flaser bedding in Giraffe Creek Member. (Pen for 
scale) 
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are well sorted. 
The ooids present display a variety of internal structures which 
include radial, concentric, a combination of radial and concentric, 
micritic, and thin concentric coatings (superficial ooids). Rare broken 
and regenerated ooids are present. Oolitic coatings contain from 1 
to 4 concentric shells (Fig. 6). Radial ooids usually contain a single 
radial shell (Fig. 7). A list of ooid nuclei is given in Table 3. 
Ooids range in size from 0.02mm to 1.45mm, and vary in shape from 
round to elliptical, depending upon the size and shape of the nucleus. 
The ooids are primarily cemented by calcite spar. A proportion of 
the oolitic packstones contains considerable amounts of micrite, ranging 
from 2% to 42% by volume. The ooids are generally well packed to 
overpacked, with compaction deformation evident in some samples. 
Pellets and peloids are composed mainly of micrite, but in some 
cases contain small quantities of terrigenous silt. Pellets range in 
size from 0.06mm to 0.15mm, the size limit defined by Folk (1962), and 
appear to be fecal in origin. Peloids range in size from 0.15mm to 
0.69mm, are spherical to irregular in shape, and may be fecal in origin. 
Grapestone lumps consist of agglutinated ooids, peloids, and oc-
casional crinoid fragments (Fig. 8). Most of the grains along the edges 
of the lumps are whole, and some edges are coated. The intergrain 
material in the lump is always micrite or neomorphic spar. The lumps 
range in size from 0.37mm to 1.75mm. Lumps were distinguished from 
intraclasts by the presence of protruding bioclastic and nonbioclast-
ic grains within a lump. 
Intraclasts vary considerably in shape but are mainly subspherical, 
FIG. 6. - Photomicrograph of concentric shells in ooids and 
blocky calcite cement. (width of field 1.84mm) 
FIG. 7. - Photomicrograph of radial shells in ooids 
(width of field 1.84mm) 
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Table 3. - Types of nuclei present in Twin Creek Limestone ooids. 
Noncarbonate Nuclei 
quartz 
plagioclase 
K-feldspar 
zircon 
hematite 
magnetite 
volcanic rock fragments 
chert 
Carbonate Nuclei 
micrite 
peloids/pellets 
crinoids 
echinoids 
pelecypods 
foraminifera 
coralline algae 
bryozoans 
gastropods 
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FIG. 8. - Photomicrograph of grapestone lump. (width of field 
1.84mm) 
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elongate and irregular (Fig. 9). Most are composed of micrite with a 
small terrigenous silt component. Ooids are present within some intra-
clasts, although not commonly. Intraclasts range in size from 0.45mm 
to 2.65mm. 
Pelecypods display prismatic, foliated, and crossed-lamellar inter-
nal structures. Hand specimen identification has revealed three 
Superfamilies of pelecypods: Pectinacea; Ostreacea; and Pholadomyacea. 
The internal structures exhibited by the pelecypods in thin section and 
the internal shell structures described by Bathurst (1975) seem to 
correlate well with the hand specimen identification. However, no 
attempt was made to identify to the species level and only the Super-
family names were utilized in thin section identification. 
Bryozoans were observed encrusting Ostrea and crinoid fragments and 
also as unattached branches. They display ramose and bi foliate 
zoaria and most likely belong to the order Cyclostomata (Fig. 10). 
Bryozoans described by Ehleiter (1981) in Twin Creek samples from 
western Wyoming were very similar to those observed in this study. 
Utilizjng photographs provided in Ehleiter's (1981) study, the bryozoans 
haye been tentatively identified as Diastopora cutleri and Entalophora 
stokesi, both cyclostomes. 
Echinoderm fragments consist of crinoid ossicles, armplates and 
stems, and echinoid spines and fragments. The star-shaped crinoid 
Pentacrinus asteriscus (Imlay, 1964) is common (Fig. 11). 
Calcareous algae are represented by two families, Corallinaceae and 
Dasycladaceae. Crustose coralline forms are found encrusting Ostrea 
fragments and as distinct grains (Fig. 12). Other encrusting algae 
FIG. 9. - Photomicrograph of intraclast. (width of fie ld 7.0tm1) 
FIG. 10. - Photomicrograph of ramose and bifol iate Cyclosto me 
bryozoans. (width of field 7.0nm) 
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FIG. 11. - Photomicrograph of Pentacrinus asteriscus 
crinoid columnal. (width of field 7.0mm) 
FIG. 12. - Photomicrograph of crustose coralline algae. 
(width of field 7.0mm) 
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(blue-green or green) are found encrusting bioclasts, with some of 
the encrusted grains approaching onco id size (> 2.0 mm). 
The gastropods display completely recrystallized or obliterated 
shell structures. They remain as steinkerns in most cases. Most are 
high-spired in form (Fig. 13). 
Foraminifera primarily form ooid nuclei (Fig. 14), although some 
are present as distinct grains. Their identification is uncertain, 
although they appear to be in the families Nodosariidae and Spirill-
inidae (Moore, 1964). 
Unique bioclasts were observed in the Watton Canyon and Gypsum 
Springs members that range in size from 1.0mm to 4.0mm and display 
c o n c e n t r i c a 1 1 y 1 a m i n a t e d i n t e rn a 1 s tr u c tu re ( F i g • 15 ) . They prob ab 1 y 
are serpulid worm tubes of uncertain genus. However, they appear 
to be similar to the European Callovian species Serpula 
guadrilatera Goldfuss (Jurgen Remane, written communication, March 6, 
1984) • 
The noncarbonate component typically consists of quartz (monocry-
stalline, microcrystalline, opaline, and chalcedonic), plagioclase, 
K-feldspar, hematite, biotite, muscovite, zircon, and tourmaline. The 
grains are generally very angular to subrounded, and range in size from 
fine silt to fine sand. 
In the Leeds Creek Member at South Piney Creek a unique chert-rich 
packstone is present. The chert nodules within this packstone dis-
play a sequence of textures with chalcedonic quartz (some spherulitic) 
on the outer rims grading inward into megacrystalline quartz. The 
chert nodules range in size from 2.6mm to 5.3mm. Most of the chal-
FIG~ 13. - Photomicrograph of steinkern of a high-spired 
gastropod. (width of field 7.0rm,) 
FIG. 14. - Photomicrograph of a foraminifera comprising an 
ooid nucleus. (width of field 1.84rm,) 
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FIG. 15. - Photomicrograph of serpulid worm tubes. (width of 
field 7.0rrrn) 
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cedonic quartz was identified as length slow (quartzine) in character. 
The amount of insoluble residue ranges from 2.9% to 76.5% and 
averages 24.9%. The composition of the residue is typically quartz, 
plagioclase, K-feldspar, illite-micas, and smectite. Unidentified peaks 
at 14.7° 28 and 15.3° 28 are common. 
The packstone-grainstone lithofacies occurs in all but the Rich 
Member of the Twin Creek Limestone. A conspicuous fossil hash (pelecy-
pod-crinoid-rich packstones to grainstones) bed is present in the Leeds 
Creek and Giraffe Creek members at all of the measured sections (at 
section 1 it is evident in float). 
Carbonate Mudstone Breccia Lithofacies 
The carbonate mudstone breccia li-thofacies is characterized by 
micritic breccias and angular to subangular clasts with varying 
amounts of terrigenous material (Fig. 16). In outcrop this facies is 
fairly well indurated and exposed, although some less resistant, 
covered units exist. The matrix on unweathered surfaces ranges from 
grayish red to medium light gray (5R4/2-N6) in color. The clasts dis-
play a variety of colors, especially olive black (5Y2/l), pale 
yellowish orange (10YR8/6), and grayish red (10R4/2). Only crude 
bedding could be discerned, with thicknesses ranging from 1.25 to 90 cm. 
The matrix is predominantly micrite or recrystallized micrite. The 
angular clasts comprise as much as 28% of the total rock. The clasts 
are composed of claystone, claystone-siltstone, recrystallized carbon-
ate, and volcanic rock fragments. Their size varies from 0.25mm 
to 8.00mm. Vuggy porosity is prevalent in all of the samples, and 
FIG. 16. - Photomicrograph of angular clasts in carbonate 
mudstone breccia. (width of field 7.0mm) 
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averages 7.3%. Pore sizes range from 0.46mm to 2.10mm. Some vugs with 
euhedral outlines appear to owe their origins to dissolution of evapor-
ites. Terrigenous grains include quartz (monocrystall ine, microcry-
sta 11 ine and chalcedonic), plagioclase, K-feldspar, hematite, 
limonite, and zircon. The grains are angular to round, and range from 
medium silt to fine sand in size. Fossils are noticeably absent. 
Insoluble residues average 11.6%, and consist of quartz, 
plagioclase, K-feldspar, chlorite, illite-micas, and smectite. 
The carbonate mudstone breccia lithofacies is restricted to the 
middle of the Gypsum Springs Member at South Piney, LaBarge and Cotton-
wood Creeks. 
Terrigenous Mudstone Lithofacies 
The terrigenous mudstone lithofactes consists principally of silt-
rich mudstones. Some ambiguity arises when assigning names to these 
rocks. Some of the rock samples analysed could be classified as sand-
stone in certain classification schemes (e.g. calcarenaceous sand-
stones, Pettijohn, 1975, p. 237). However, by definition a carbonate 
rock is one that contains more than 50% carbonate minerals (Leighton 
and Pendexter, 1962). Therefore, rocks containing> 50% allochems and 
orthochems are classified as limestones, whereas rocks with> 50% non-
carbonate grains are classified as sandstones. 
The terrigenous mudstones d isplay a variety of colors, 
characteristically dark yellowish brown (10YR4/2), light olive gray 
(5Y4/2), olive black (5Y2/l), and grayish orange (10YR7/4) on fresh 
surfaces. In outcrop this unit is well exposed because it is very 
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resistant. Sedimentary features include current ripple bedding, hori-
zontal bedding, symmetrical current ripples on bedding surfaces, silty 
lenses, bioturbate fabrics, and feeding trails on bedding surfaces. 
Bedding thicknesses range from 3 mm to 5 cm. 
Allochemical constituents include pellets, peloids, ooids, pelecy-
pods, gastropods, echinoderms, calcispheres, and foraminifera. Some 
samples contain up to 16% pellets and peloids which range in size from 
0.15mm to 0.36mm and are round to elongate in shape. The bioclas-
t ic component is usually no greater than 5% of the entire rock. The 
dominant terrigenous component is quartz (monocrystalline, microcrystal-
l ine, polycrystalline and opaline), which comprises 5 ~~ to 48% of the 
entire r ock. Subordinate terrigenous grains include plagioclase, K-
feldspar, hematite, limonite, leucoxene, biotite, muscovite, zircon, 
tourmaline, and glauconite. Most grains range in size from fine silt 
to very fine sand, and are subangul ar to subrounded. The major ortho-
chem i cal constituents are micrite, sparry calcite cement, neomorphic 
spar and si 1 ica cement. 
Insoluble residues range from 26.3% to 64.2% and average 49.7%. 
The composition of the residue is characteristically quartz, plagio-
clase, K-feldspar, illite-micas and smectite. 
The terrigenous mudstone lithofacies is present in all the members 
of the Twin Creek Limestone in varying degrees, but is most prevalent 
in the Boundary Ridge, Leeds Creek and Giraffe Creek members. 
Sandstone Lithofacies 
The sandstone lithofacies consists primarily of subarkoses, ar-
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koses and minor lithic arkoses (Folk, 1974; classification of 
normalized modal analysis). Where it crops out, the sandstone is well 
indurated. The sandstone lithofacies is present in two units, a 
lower unit (Sandstone A) which occurs low in the stratigraphic section; 
and an upper unit (Sandstone B) which occurs in the Giraffe Creek Member 
of the Twin Creek Limestone. 
Sandstone A displays a variety of coiors on unweathered surfaces. 
These range from pale red to grayish red (10R6/2-5R4/2) and dark 
yellowish brown to pale reddish brown (10YR4/2-10R5/4). Horizontal 
bedding is dominant. Planar cross-stratification and current ripple 
bedding are rare. Vertical burrows and feeding trails on bedding sur-
faces are evident. Bedding thicknesses range from 2.5 to 45 cm and 
· are commonly 12.5 to 25 cm. Grains range from coarse silt to very 
coarse sand size, and are subangular to very well rounded. Sorting is 
generally moderate to poor. Carbonate grains are noticeably absent in 
sandstone A. 
Sparry calcite is the dominant cement type. It averages 17.2%, 
with lesser amounts of silica and hematite cements, which aver-
age 6.4% and 10.2% respectively. Recrystallized and micritic cements are 
also evident in some samples. Vuggy and interparticle porosities range 
from 0% to 8%, and average only 1%. 
The dominant framework constituent is monocrystalline quartz, which 
averages 48.7% by volume. Microcrystal line and opaline quartz are 
also present in small quantities, and polycrystalline quartz is present 
but rare. Authigenic quartz overgrowths and sutured grain contacts 
are prevalent in some samples. Hematite rims are also evident on many 
42 
of the quartz grains. Orthoclase is the dominant feldspar species and 
averages 6.1%. Minor amounts of microcl ine, averaging 1.7%, are al so 
present. Na-plagioclase is the most abundant plagioclase, averaging 
3.5%. The majority of feldspar minerals display some degree of 
alteration to clays. Other commonly occurring detrital components in-
clude zircon, tourmaline, biotite, muscovite, chlorite, magnetite, and 
volcanic rock fragments. Authigenic chlorite is evident in certain 
samples. 
Insoluble residues range from 76.1% to 98.1% _and average 86.75%. 
The composition of the residue is primarily quartz, plagioclase, K-
fe l dspar, ill i te-micas, smectite, and chlorite. 
Sandstone A forms the basal sandsto ne of the Twin Creek Limestone 
due to its stratigraphic position at the base of the Gypsum Springs 
Member in contact with the underlying Nugget Sandstone. 
Sandstone B ranges in color from dark yellowish orange to 
grayish orange (1OYR6/6-1OYR7 /4) on fresh surfaces. Sedimentary fea-
tures include horizontal bedding, flaser bedding, current ripple bed-
ding., wavy laminations, and feeding trails on bedding surfaces. Bed-
~ing thicknesses range from 3 mm to 7.5 cm. Grains range in size from 
fine silt to fine sand, and are angular to subrounded. Moderate to 
good sorting is dominant. 
Pellets and peloids (up to 10% by volume) dominate the allochemi-
cal components. Only minor amounts of ooids and pelecypods are 
present. Sparry calcite, averaging 34.4%, is the dominant cement, with 
micritic and silica cements occurring in minor proportions. Interparti-
cl e porosity ranges from 0% to 4
1
% and averages < 1 %. 
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Monocrystalline quartz is the dominant framework constituent, rang-
ing from 27% to 48% and averaging 33.9% by volume. Microcrystal-
line, opaline, and polycrystalline quartz comprise a minor fraction of 
the grains. Authigenic quartz overgrowths and sutured contacts are 
rare. Plagioclase, averaging 8.6%, is the most abundant feldspar, and 
K-feldspar averages 1.6%. The remaining detrital fraction is similar to 
that found in sandstone A. 
Insoluble residues range from 54.5% to 72.4% and average 62.8%. 
The composition of the residue is similar to that in sandstone A. 
Sandstone B could be designated as the upper sandstone unit of 
the Twin Creek Limestone because it occurs only in the Giraffe 
Creek Member and is often the bed in contact with the Preuss Sandstone. 
Miscellaneous Lithotypes 
Most of the sections measured contain rocks which could not be 
placed into the major 1 ithofacies due to their uniqueness. They are 
primarily the result of rare diagenetic events, and include crystalline 
carbonates, cherts, and silicified mudstones. 
The crystalline carbonates are characterized by vug and fracture 
porosity and almost complete obliteration of original textures. They 
are generally pale brown to dark gray (5YR5/2-N3) in color. Multiple 
microstylolites and calcite vein fillings are common. Insoluble resi-
dues average 6.3% and are composed of quartz, smectite, and unidentified 
organic matter(?). This lithotype is generally found in the Gypsum 
Springs Member. 
A conspicuous siliceous bed 1.8 meters thick, with yellowish gray 
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to greenish gray (5Y7/2-5G8/1) fesh color, is present in the Gypsum 
Springs Member at Cottonwood Creek. It displays wispy laminations (Fig. 
17). Initally it was identified in the field by Imlay (1967) as a 
volcanic tuff. Petrographic analysis of this unit, however, reveals no 
features which can be identified as volcaniclastic. It is primarily 
microcrystalline quartz, with subord .inate amounts of opaline, chal-
cedonic, and megacrystalline quartz. The terrigenous components include 
plagioclase, zircon, biotite, muscovite, hematite, and limonite. 
Minor amounts of micrite and sparry calcite are present. The presence 
of peloids is perhaps the most striking feature for suggesting a non-
volcanic genesis. The peloids are micritic and, in many cases, have 
been partially altered to opal ine silica (Fig. 18). They range in size 
from 0.20mm to 0.46mm, and are both round and e 1 onga te. Bi ot ur-
ba ti on is evident in samples containing the peloids. Insoluble 
residues average 71.1%, and are composed of quartz, plagioclase, K-
feldspar, and smectite. The wispy laminations are very similar to 
those created in compaction experiments on modern marine sediments by 
Shinn et al. (1976). The absence of volcaniclastic features and the 
presence of peloids suggest that the unit was initially a peloidal 
mudstone that was later silicified. 
In the Jackson quadrangle, Wyoming, Imlay (1967) found the Gypsum 
Springs Member to be composed of thick masses of gypsum and red silt-
stone. Although the lower contact of the Gypsum Springs Member was 
covered at Leeds Creek, samples of the member were collected at 
seismic blast sites. Chert-rich rocks were uncovered which consist of 
megacrystalline quartz with needle-shaped inclusions (Fig. 19). Some 
FIG. 17.- Photomicrograph of wispy laminatio 1nis i n silicif ied 
mudstone. (width of field 7.0mm) 
FIG. 18. - Photomicrograph of opalized peloids. (vwridth of field 
7.0mm) 
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FIG. 19. - Photomicrograph of needle-like inclusions in 
chert. (width of field 1.84mm) 
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of tne inclusions are filled with calcite and some with a mineral 
whose properties appear to be consistent with those of anhydrite. These 
rocks range in color from grayish red to grayish pink (10R4/2-5R5/2). 
. ' 
Some of these rocks appear to have a nodular texture similar to chicken 
wire texture. 
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INTERPRETATION F DEPOSITIONAL ENVIRONMENTS 
General Statement 
"Environments are invisible. Their groundrules, pervasive struc-
ture, and overall pattern elude easy perception" (McLuhan and Fiore, 
1967, cited in Bathurst, 1975, p. 93). The dilemma facing the geologist 
is aptly stated in the above quotation. Environmental reconstruction 
entails determination of the chemical, biological, and hydrodynamic 
conditions under which a rock may have been deposited. To complicate 
matters, carbonates may undergo extensive diagenetic alteration which 
can mask the original sedimentary textures. Therefore, considerable care 
must be applied when reconstructing the depositional environments of 
carbonate sequences. 
An excel lent review of recent carbonate environments is presented 
by Bathurst (1975). Utilizing the recent understanding of modern 
carbonate environments, Wilson (1975) and Flugel (1972, cited in Flugel, 
1982) have devised facies models to aid in environmental reconstruction. 
However, these models are limited to our present knowledge of carbonate 
environments and, thus, can be biased. For example, use of the Bahama 
Banks model, which, up until the last ten years, has been the basis for 
comparison for almost all ancient shallow-water carbonate sequences, has 
resulted in a narrow view of the possible sedimentary depositional 
environments which could be encountered in ancient carbonate sequences. 
Overlooking some minor shortcomings, our knowledge of modern environ-
~ents is the foundation upon which we build to establish an acceptable 
~odel of ancient depositional environments. 
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Inferred Environments of Deposition 
Outer Shelf Platform.- Seaward of the platform edge sands, quiet-water, 
subtidal conditions may exist along outer shelf areas. Wilson (1975) 
placed these in facies belt two. Wilson (1975) characterized these areas 
as having water depths of tens to hundreds of meters, good current 
circulation, normal-marine salinities, high faunal diversities, and rock 
types ranging from fossiliferous wackestones to bioclastic grainstones. 
A portion of the fossiliferous wackestones, mudstones and fossil-
rich packstones are believed to have been deposited in such environ-
ments. Higher diversities and greater numbers of open marine fauna 
(echinoderms and bryozoans) are commonly observed in these rocks. 
Harris (1979) described similar muddy, deeper water sediments 
transitional to coarser grained, shallower water sand belts along the 
Bahama banks. A similar situation is likely to have existed along the 
Twin Creek seaway, where the deeper water seaward of the sand belts 
created subtidal conditions conducive to both infaunal and epifaunal 
organisms. 
Agitated Marine Shoal.- Flugel (1982) summarized the factors influencing 
ooid formation in recent shallow sea environments as: (1) the prese-
nce of algae, bacteria or organic substances; (2) water supersaturated 
with respect to calcium carbonate; (3) at least occasional rather 
strong water movement; (4) supply of potential nuclei; (5) few organisms 
which remove carbonate from the 
above 20° C; (7) normal-marine 
water; (6) warm water, generally 
or higher salinity; (8) very shallow 
water, generally <2 m; and (9) relatively constant environmental factors 
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(duration of growth for recent ooids is 100-1000 years). 
W il son ( 1 9 7 5) des c r i bed h i s fa c i es be lt s i x as w i n now ed p l at form 
edge sands characterized by tidal bars, beaches, and shoal environ-
ments in agitated water. In this environment, well-winnowed lime sands 
(dominated by ooids), deposited in normal-marine, well-oxygenated 
environments, form shifting substrates which are inhospitable to sessile 
and non-adapted vagile benthonic organisms. Water depths range 
from 5 to 10 m. Grainstones comprised of ooids are the most common 
rock types. Worn and abraded bioclastic grains, generally derived from 
f aci es belts four or five, can be common. .Howevever, few indigenous 
organisms exist (i.e., gastropods, foraminifera and large c·lams). 
Terrigenous debris may be present, and cross-bedding dominates. The 
best-formed ooids are typically produced along tidal bars. 
Restricted Marine Shoal.- Quiet-water shoals occupy Wilson's (1975) 
facies belt seven and eight. They are located in open to restricted 
lagoons, bays, and straits behind the outer platform edge, where water 
circulation is only moderate. The water is generally shallow, ranging 
from a few meters to tens of meters in depth. Salinities may vary 
from normal marine to hypersaline. Abundant euryhaline organisms (i.e., 
gastropods and blue-green algae) may exist whereas stenohal ine organ-
isms (i.e., echinoderms and red algae) are usually rarer than in 
open waters. Low faunal diversity is the rule rather than the except-
ion. Many grain types and depositional textures are represented, 
including mudstones, bioclastic wackestones, and grainstones. In 
resticted lagoonal and tidal flat areas, peloidal lime muds are common. 
Behind the sand belts along the open platform, autochthonous micrites 
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are intercalated with nonbioclastic grains derived from the sand belt 
during storm events. Wind blown terrigenous debris is generally in 
well segregated beds, and may constitute a significant amount of the 
sediments in some areas. 
Rocks of the packstone-grainstone lithofacies represent deposition 
in agitated and quiet-water marine shoals. The oolitic grainstones 
are characteristically low in bioclasts, contain no micrite, and have 
well-formed concentric and radial-concentric ooids. Superficial ooids 
are rarely found. These grainstones correspond to Wilson's (1975) 
standard microfacies (SMF) fifteen: intertidal ooid bars. The presence 
of radial ooids and broken regenerated ooids suggests hypersal ine 
conditions (Friedman et al., 1973; Milliman and Barretto, 1975). How-
ever, radial structures can be due to diagenetic alteration (Shearman 
et al., 1970) or to changes in the hydrodynamics of an environment, such 
as from suspension load transport (radial structure) to traction load 
transport (concentric structure) (Heller et al., 1980). 
The packstones generally contain higher percentages of bioclasts 
and micrite and a diversity of nonbioclastic grains. This would 
suggest quieter waters and a less winnowed environment. These pack-
stones are similar to those decribed by Wilson (1975) in his SMF six-
teen and seventeen. The packstones with a higher percentage of micrite 
are characterized by micritic ooids, poorly developed concentric ooids, 
and higher concentrations of lumps, pellets, peloids, and bioclasts. 
Bioturbation is clearly evident in many of these packstones. These 
packstones were most likely deposited in regions on the platform typi-
fied by short periods of bottom agitation, followed by longer periods 
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of bottom stabi 1 ity. A few of the packs tones exhibit well-formed con-
centric and radial-concentric ooids. These ooids are most likely 
allochthonous in origin, perhaps derived from neighboring high-energy 
environments as spillover lobes, similar to the setting described by 
Bal 1 (1967) in the Bahamas. 
Packstones with little micrite generally contain well-formed 
concentric and radial - concentric ooids, a diversity of bioclasts, 
and minor amounts of lumps and peloids. These packstones formed in 
close spatial proximity to the ooid sand belts. Harris (1979) docu-
mented six subsurface facies in cores from shoals north of Andros 
Island on the margin of the Great Bahama Bank: (1) skeletal grain-
stones; (2) ooid grains t ones; (3) ooid packstones; (4) fine peloid 
packstones; (5) pellet wackestones; and (6) lithoclast packstones. 
These facies resulted from the growth of shoals over the surrounding 
seafloor. With increasing physiographic relief the platform sediments 
changed from muddy sands to oolitic sands. Harris (1979) concluded that 
the development of shoals may provide a scenario for the evolu-
tion of the common facies package (wackestones-oolitic pack-
stones -ool itic grainstones), in which narrow ooid grains tone belts bor-
der much wider belts of ooid packstones which become increasingly 
muddy with depth. This relationship appears to be operating along the 
ooid sand belts which are present throughout the Twin Creek Limestone, 
especially in the Sliderock, Boundary Ridge and Watton Canyon members. 
Unique crinoid-rich 
sever a 1 sect ions. Wilson 
grains tones 
(1975) p 1 aced 
(encrinites) are present in 
these limestones in a special 
microfacies (SMF 12). Winnowing of lime mud by moderate water movement 
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is required for their formation. Encrinites are primarily in the Leeds 
Creek and Giraffe Creek members. 
Open Marine Platform of Inner Shelf.- Wilson's (1975) facies belt seven 
is characterized by open lagoons and bays behind the outer platform, 
with only moderate water circulation. Mudstones and bioclastic wacke-
stones are common. Conditions are generally favorable for benthic 
organisms. Rocks of the fossiliferous wackestone and mudstone litho-
facies were probably deposited in these environments, although they also 
may have formed in other, similar hydrodynamic environments (e.g., 
outer shelf platform). The organisms, bedding forms and sedimentary 
textures indicate deposition under subtidal to intertidal conditions 
with reduced wave and current action. It is likely that a number of 
the fossiliferous mudstones and wackestones were deposited in areas 
behind the ooid sand belts in transitional shallow, quiet-water la-
goons. 
Restricted Marine Platform.- Shoreward of the open lagoonal areas lie 
shallower, more restricted waters characterized by muddy intertidal 
flats and restricted lagoons. Wilson (1975) placed these in facies belt 
eight. Faunal diversity is low, with gastropods, ostracodes, and 
certain algae present in great abundance. Pelleted and peloidal muds 
are very common. Some of the pellet and peloidal-rich mudstones and 
packstones are believed to have been deposited in similar environments. 
The presence of a large number of ostracodes in some of the wackestones 
indicates marginal-marine conditions. According to Upshaw et al. 
(1966, cited in Wright, 1973) in a study of recent sediments off the 
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coasts of Mississippi and adjacent states, ostracodes dominated the 
microfauna observed in hypersaline lagoons. Wilson's (1975) SMF 
nineteen is also similar to these lithologies. The terrigenous mudstones 
and the upper sandstone lithofacies appear to have their origins 
along the tidal flat areas. The sedimentary structures (current ripples 
and flaser bedding), abundance of nonbioclastic grains (pellets and 
peloids), rarity of bioclastic grains, and bioturbated fabric all 
suggest shallow water deposition characteristic of tidal flat environ-
ments. 
The terrigenous material in these lithofacies appears to have 
eoli an origins, based on grain size (fine silt to fine sand) and shape 
(angular to subround). 
The western United States during the Jurassic Period may have 
been very arid. Apparantly it occupied a paleolatitudinal range typi-
cally associated with modern hot deserts (Kocurek and Datt, 1983). It 
appears that this region during the Jurassic was similar to the mod-
ern Sahara. Wind-blown material, in modern Persian Gulf carbonate 
sediments, is blown as far as 40 km, and is deposited at rates up to 
2.lcm/yr (Kukal and Saadallah, 1973). Similar sand could have been 
derived from surrounding sand seas during Twin Creek deposition. Fluv-
ial input was most likely only minor due to the aridity in the 
region. However, during infrequent storm events such as those des-
cribed by Brenner and Davies (1973) for Late Jurassic deposits in the 
region, some fluvial input might be expected. 
The sandstones of the lower sandstone lithofacies may have been 
deposited in intertidal, restricted marine environments. Subarkosic to 
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arkosic sandstones characterize the Nugget Sandstone in northeastern 
Utah and southwestern Wyoming (Picard, 1977). Petrographic analy-
sis of Sandstone A revealed a mineralogy and texture very similar to 
those of the Nugget Sandstone in northeastern Utah and southwestern 
Wyoming. Therefore, it is probably safe to infer that sandstone A 
was derived from the underlying Nugget Sandstone and that only minor 
contributions from other sources were likely. 
The mineralogy, texture, and sedimentary structures in the lower 
sandstone lithofacies suggest that sandstone A was deposited in beach 
and tidal flat areas as the initial transgressing Twin Creek sea submer-
ged the Nugget eolian sands . Picard and Uygur (1982) identified simi-
lar sandstones in the Twin Creek correlative, the Arapien Shale in 
central Utah. In the Judd Hollow Member of the Carmel Formation Blakey 
et al. (1983) in southern Utah, and Dover (1969) in the San Rafael 
Swell region of central Utah, both found a basal sandstone unit wi t h 
features similar to those of the underlying eolian Navajo Sandstone 
(Nugget Sandstone correlative). Dover (1969), Picard and Uygur (1983) 
and Blakey et al. (1983) have all postulated a cannibalistic origin for 
the basal sandstones in their study areas. 
Upper Intertidal _!.Q Supratidal Environments.- Wilson's (1975) facies 
belt nine (platform evaporites) represents upper intertidal to supra-
tidal environments on a restricted platform. High temperatures and arid 
conditions with only sporadic flooding by marine waters are character-
istic of this environment. Gypsum, anhydrite, and other evaporite 
minerals commonly form, and there is essentially no indigenous fauna 
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except for certain algae. The samples from the Gypsum Springs 
Member at Leeds Creek contained chert nodules with lath-shaped inclu-
sions, no bioclasts, and evaporite casts, all of which suggest supra-
tidal conditions. 
In reviewing brecciating mechanisms in carbonate rocks, M'Gonigle 
(1982) stated that the most commonly occurring brecciating mechanisms 
are (1) evaporite-solution collapse, (2) evaporite hydration and dehy-
dration, (3) evaporite-solution flow, (4) calcification (dedolomitiza-
tion), and (5) brecciation by tectonic shear. Middleton's (1961) 
study of breccias in the Madison Limestone of southwestern Montana 
revealed that the brecciating mechanism was due to evaporite-
solution collapse. The presence of gypsum beds in many Twin Creek 
sections (Imlay, 1967), alth?ugh not observed in the study area, sug-
gests that the mudstone breccias may owe their origin to the removal of 
gypsum and the foundering of the over-lying siltstones, claystones, and 
mudstones. It is possible that one or more of the first three proces-
ses described by M'Gonigle (1982) produced the brecciation in the Twin 
Creek Limestone. The brecciated textures, along with the presence of 
relict evaporites in the mudstone breccia, suggest that supratidal and 
evaporative conditions were operating during the deposition of the 
Gypsum Springs Member. 
Concluding Remarks 
Environments present during deposition of the Twin Creek Lime-
stone may be represented by a multitude of grain types and depositional 
textures. Fossil diversity is greatest oceanward and shoreward of the 
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mobile sand belts, and begins to decrease in tidal flats and supra-
tidal areas. The environments may be gradational, with overlapping 
spatially related environments. Therefore, a lithofacies may represent 
different environments of deposition, and a facies package (i.e., 
mudstone - wackestone - packstone - grainstone) must be perceived within 
its stratigraphic framework to correctly identify its environmental 
association. A generalized summary of the facies and characteristic 
features is presented in Figure 20. 
FIG. 20. - Characteristic features of the facies and members 
of the Twin Creek Limestone (after Selley, 1978). 
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ANALYSIS OF INSOLUBLE RESIDUES 
The interpretation of insoluble residues in limestones depends on 
whether the total residue can be assigned to terrignenous material or 
to transformation and neomorphism of minerals. Interpretation of clay 
minerals as paleoclimatic indicators therefore, must be based on the 
following assumptions: (1) formation of clay minerals is directly 
related to climatic parameters; (2) clay minerals will remain stable as 
long as the climate is static (pre-burial stability); (3) upon depo-
sition, clay minerals are stable (post-burial stability); and (4) the 
sensitivity of clay minerals towards environmental factors is uniform 
(Singer, 1980). However, as stated by a number of workers (Grim, 
1968; Keller, 1956; Singer, 1980) the validity of these assumptions is 
-0ebatable. Herein lies the inherent problem with the utilization of 
clay minerals as evironmental and paleoclimatic indicators. 
Quartz is the dominant mineral, present in 99% of the samples 
analyzed. Plagioclase (albite) is present in 86% of the samples and 
K-feldspar in 18%. Illite and/or mica is in 53%, smectite in 51%, and 
chlorite in 7% of the samples. Unidentified peaks at 14.7° and 
15.2° 28 are found in 16% of the mudstone samples. These unidentified 
peaks probably result from organic material because they disappear after 
sample treatment with the oxidizing agent hydrogen peroxide. 
Smectites are believed to be produced in areas of less intense 
weathering in temperate or arid climates (Singer, 1980; Carroll, 1970). 
Rateev et al. (1969) found smectite concentrations to have an 
"equatorial"-type distribution, with maximum concentrations occurring 
in the latitudes between 350 N and 350 S. Illite and chlorite 
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display a "bipolar"-type distribution and are usually concentrated near 
terrigenous source areas (Rateev et al., 1969). Therefore, the 
presence of illite and chlorite may be less a result of climate than of 
an adequate source area. 
The presence of considerable smectite clay minerals and illite 
and/or mica in the Twin Creek samples suggests a temperate or arid 
climate in close proximity to terrigenous source areas. 
paleogeographic and paleoclimatic conditions described 
Middle Jurassic 
by Kocurek and 
Dott (1983) are in agreement with the observed mineralogic assemblage. 
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PALEOGEOGRAPHIC RECONSTRUCTION 
Tectonic Setting 
The Jurassic marked the onset of the break up of the superconti-
nent Pangaea (Fig. 21). During the Jurassic an "Andean-type" margin 
characterized the western edge of the North American plate (Dickinson, 
1981). Within the western interior of the United States the Jurassic 
basins \vere fringed by the remnant positive elements of the ancestral 
Rockies in the east and the Mongollian Highlands in the south (Kocurek 
and Dott, 1983, pp. 108). In general, the landmasses bordering the 
Jurassic seaway were of low topographic relief. 
In the western interior region, tectonic activity during the Juras-
sic is widely regarded as being quiescent. This interpretation is 
supported by the wide continuity of Jurassic deposits, the extreme 
paucity of volcanic and volcaniclastic intercalations, and the total 
absence of sharp angular discordances between successive formations 
(Hal lam, 1975). The Jurassic transgressions and regressions appear to 
have resulted from eustatic changes of sea level. Theses changes most 
likely resulted from the growth of submarine oceanic ridges as the 
Jurassic oceans widened (McKerrow, 1978). 
Paleoclimatology 
Most of the material discussed in the following section was com-
piled by Kocurek and Dott (1983), who summarized the works of numerous 
authors on the paleoclimatology and paleogeography of the central and 
southern Rocky Mountain Region. 
FIG. 21. - Continental positions during the Jurassic, with the 
land areas marked by stippling (after McKerrow, 1978). 
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Throughout the Jurassic, the climate appears to have been warm and 
dry with global equability. This is substantiated by the wide paleo-
latitudinal extent of evaporites, eolianites, fauna and flora, and 
oxygen isotope work on carbonates (Hallam, 1975). The absence of 
polar ice-caps probably lead to less vigorous atmospheric exchange than 
at the present time. 
The western interior region is marked by widespread eolian depo-
sits (Navajo-Nugget sandstones) which may represent a trade-wind-
type desert. If comparisons with modern trade winds in the northern 
hemisphere can be used, Jurassic trade winds would have been character-
ized by rapidly subsiding, accelerating, and stable air masses. The 
lack of instability in the air masses would cancel the production of 
extensive clouds and rain fall even though Jurassic trade winds 
passed over warm interior seaways. The climatic conditions would create 
a situation of extreme heating over the deserts. The heating in turn 
would lead to the development of tropical continental air masses char-
acterized by very stable air. However, possible infrequent storm events 
should not be totally excluded. Low-pressure cyclones might have 
developed within the Jurassic interior seaway and would have traveled 
with the prevailing winds down the length of the seaway. As mentioned 
previously, Brenner and Davies (1973, 1974) have documented probable 
storm deposits in upper Jurassic marine deposits in Wyoming and Montana. 
Paleogeography 
Twin Creek deposition is marked by two major transgressive phases 
(lower Bajocian and upper Bathonian-lower Callovian) and two major 
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regressive (lower Bathonian and middle Callovian) phases (Imlay, 1967, 
1980). The Jurassic seaway spread southward into the western inter-
ior from the Pacific coastal region across the northernmost part of the 
United States and adjoining part of Canada (Fig. 22) (Imlay, 1967, 
1980). The shallow epeiric sea which entered the region is analogous 
to the · model proposed by Irwin (1965). In his model for clear epeiric 
seas, In.;in (1965) defined three marine hydraulic energy zones: (1) 
Zone-X which contained muddy sediments deposited below wave base through 
an area covering hundreds of km in width; (2) Zone-Y which contained 
coarse grained (bioclastic and nonbioclastic material) sediments from 
high-energy environments extending for tens of km and; (3) Zone-Z which 
contained muddy sediments deposited in areas of restricted water 
circulation landward of Zone-Y through an area extending for hundreds 
of km. Irwin's model has been applied in many studies of ancient 
sha 11 ow-water carbonate sequences (Laporte, 1969, Se 11 ey, 1978), and is 
applicable in many modern carbonate sedimentation areas (e.g. Persian 
Gulf and the Bahamas). 
The initial transgression of the Twin Creek sea into the western 
interior occurred in the early Bajocian. The initial sediments (Gypsum 
Springs Member) were deposited under upper intertidal to supratidal 
conditions characterized by evaporites, unfossiliferous terrigenous 
mudstones, and sandstones which probably were derived through cannibali-
zation of the underlying Nugget Sandstone. The Gypsum Springs Member 
unconformably overlies the Nugget Sandstone. Pipiringos and O'Sullivan 
(1978) believe the contact represents a hiatus of approximately 2-3m.y. 
(J-1 Unconformity). At approximately the middle of t he middl e Baj-
FIG. 22. - Paleogeographic positions of the seaway and land 
areas during Twin Creek Limestone deposition 
(after Imlay, 1980). Patterned areas are 
emergent. 
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ocian, the sea retreated completely from the western interior region. 
The sea readvanced by the late Bajocian and spread over a larger area 
than was covered by the initial transgression. The sediments deposited 
during the readvancement of the sea represent less restricted, normal-
marine conditions. The deposits are characterized by fossiliferous 
carbon.ate mud stones, wackes tones, and packs tones and oolitic pack-
stones and grainstones (the Sliderock and Rich Members). The environ-
ments, from shallow to deeper water, include: restricted marine plat-
form; open marine platform; restricted marine shoal; agitated shoal; and 
outer shelf platform. The rapid retreat and readvance of the sea over a 
considerable area during the Bajocian suggests that the region had 
little relief and was near sea level (Imlay, 1980). The unconformity 
(J-2 Unconformity) which developed as .a result of the regressing sea 
is believed to have been formed in a relatively short period of time 
(about lm.y., Pipiringos and O'Sullivan, 1978). 
During the early Bathonian, the sea became shallower, and re-
established widespread hypersaline conditions. Terrigenous mudstones, 
peloidal-oolitic packstones, and oolitic grainstones, and a paucity of 
fauna, suggest shallow, agitated .conditions (the Boundary Ridge 
Member). The depositional environments represented include restricted 
and open marine platforms, restricted marine shoals, and agitated 
shoals. 
Normal-marine conditions returned during the middle Bathonian to 
early Callovian. Oolitic packstones and grainstones reflect the initial 
shallow-water, agitated conditions (the Watton Canyon Member). As deep-
er subtidal conditions returned, carbonate muds dominated deposition, 
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and are represented by the thickest depositional unit (the Leeds Creek 
Member). The depositional environments represented during this time 
were restricted marine shoals, agitated shoals, and outer shelf plat-
form. The great thickness of the Leeds Creek Member has been suggested 
to represent a north to south deepening trough along the Idaho-Wyoming 
border (Imlay, 1967). 
During the early middle Callovian, shallowing of the shelf began. 
Oolitic packstones and grainstones, pellet-silt-rich packstones, 
terrigenous mudstones and sandstones indicate shallowing of the sea (the 
Giraffe Creek Member). These sediments were deposited along restricted 
mar ine shoals and restri cted platforms. Continued shallowing of the sea 
exposed new land areas and sources of terrigenous material. This 
shallowing proceeded through the late Callovian, depositing the marine 
to nonmarine Preuss Sandstone. 
Figure 20 shows the change from supratidal to subtidal facies in 
the Gypsum Springs, Sliderock and Rich members and the change from 
subtidal to supratidal facies in the Boundary Ridge and Giraffe Creek 
members. This is excellent evidence for the existence of transgressive 
and regressive conditions during Twin Creek deposition. 
Concluding Remarks 
The facies distribution observed in the Twin Creek Limestone in the 
study area was characteristicly uniform for each member. The facies 
observed within each member generally were consistent throughout all of 
the measured sections. Imlay (1967) also found the Twin Creek 
Limestone facies distribution to have considerable uniformity. However, 
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in Imlay's (1967) review of the depositional environments in the Twin 
Creek Limestone he failed to recognize many of the subenvironments 
present within each member which lead to a somewhat homogenized view of 
the Twin Creek Limestone facies. 
The uniformity of Twin Creek Limestone facies is apparent by the 
diagram in Plate 1. Thus, it can be inferred that water depth and other 
physico-chemical conditions which existed during the deposition of an 
individual Twin Creek Limestone member occurred over an extensive area, 
although some disparity does exist between certain of the members and 
the facies present in the sections. The most apparent departure from 
the normal facies pattern displayed by a member in the Twin Creek Lime-
stone was evident in the Giraffe Creek Member at South Piney Creek. 
At South Piney Creek oolites comprise the bulk of the rock types pres-
ent. In three of the sections (numbers 1, 2, 5) to the west, oolites 
comprise only a minute proportion of the rock types present in the 
Giraffe Creek Member. In the western sections the amount of terrigenous 
silt is substantially higher than is found to the east. Therefore, the 
general lack of silt and the abundance of oolites suggests that the 
eastern portion of the study area had only a minor influx of terrigenous 
material which provided conditions conducive to ooid formation. In 
the western portion of the study area the influx of terrigenous silt was 
considerable, thereby curtailing carbonate production. Thus, it can be 
inferred that the western section of the study area was most likely in 
close proximity to western-lying terrigenous source areas as the sea 
pulled out of the region during Giraffe Creek time. 
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Thicknesses of the members generally vary from section to section 
but for the most part thin to the east (Plate 1). However, some of 
the members, most noticeably the Watton Canyon, fluctuate from east to 
west and north to south but basically thicken eastward. The Twin Creek 
seaway during Watton Canyon time is believed to have moved across the 
field area from the northwest and spread eastvrnrd. Therefore, it would 
seem likely that from east to west, the Watton Canyon Member would 
display progressive thickening. This would be expected because of the 
greater span of time during which the western area would have 
experienced subtidal conditions. The unusual eastward thickening might 
have been caused by differential rates of subsidence from east to west, 
with greater subsidence occurring in the eastern portion of the study 
area during Watton Canyon time. 
As the sea transgressed and regressed over the western interior 
region during Twin Creek deposition, lateral migration of facies 
occurred. The basic facies package, once established, merely shifted 
seaward or landward, depending on the position of sea level at the 
time. The vertical sequence of lithofacies described by Harris (1979) 
for a Bahamian shoal bears a considerable likeness to the transgessive 
lithofacies of the Twin Creek Limestone. Incorporating Harris's 
(1979) and Irwin's (1965) models and applying them to Twin Creek deposi-
tion provides an excellent insight into the carbonate environments 
which probably existed during the middle Jurassic. 
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DIAGENESIS 
General Statement 
Carbonate diagenesis may encompass the processes of solution, mic-
ritization, compaction, cementation, silicification, and neomorphism 
(aggrading and degrading). Factors influencing diagenesis of carbonate 
sediments include geographic factors (e.g. climate), geotectonism, geo-
morphologic position, regional geochemical trends, rate of sediment 
accumulation, initial composition of the sediment, grain size, intersti-
tial fluids, physico-chemical conditions, and percentage of noncar-
bonate material (Chil ingar and Larsen, 1979). Diagenetic alteration of 
carbonate sediments changes with time and depth of burial. Choquette 
and Pray (1970) classified carbonate alteration in three diagenetic 
stages: eogenetic; mesogenetic; and telogenetic. Eogenesis essentially 
comprises early diagenetic changes in a sediment through the interac-
tion of near-surface water, generally within the first 100 meters of 
burial. Mesogenesis is initiated when the sediment is no longer under 
the influence of surficial waters. Mesogenesis is terminated when the 
sediment undergoes metamorphism or is brought to the land surface. 
Mesogenesis may occur over extremely long periods of time and at 
depths of 1-10,000 meters. Telogenesis marks the final stage of altera-
tion, following burial, lithification and compaction of carbonate 
sediments -. It primarily comprises late subaerial alteration when the 
l ithified rock is brought back to the land surface. 
The durability of noncarbonate material is considerably greater 
than that of carbonate mater ia 1. Therefore, the rate and intensity 
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of alteration in sandstones are substantially different and will be 
treated in a separate section. 
Compaction 
Compaction refers to the process which decreases the volume in 
sediments and is primarily the result of compressive stresses. The 
majority of samples in the Twin Creek Limestone show some degree of 
compaction which is represented by a number of features. Workers in 
the recent past found the absence of compaction features in fine grained 
carbonates to be a perplexing problem (Bathurst, 1975). However experi-
ments by Shinn et al. (1976) have provided evidence that ancient 
limestones, once thought of as having undergone little or no compaction, 
may have actually expe~ienced considerable compaction. The sedimentary 
textures (wispy laminations) displayed in their experiments on modern 
marine muds are in some ways similar to those found in the mudstones and 
wackestone studied. 
The most obvious compaction features are displayed in the 
packstone-grainstone lithofacies. Oolitic packstones and grainstones 
commonly have point, facial, and sutured grain contacts and are over-
packed (> 0.7 point contacts per grain, Wilson, 1975, p. 62). 
Microstylolitic contacts between interpenetrating grains are commori 
in some samples, indicating some degree of pressure solution (Fig. 23). 
Evidence of compaction in the other lithofacies is primarily con-
fined to the presence of stylolites and wispy laminations. Stylolit-
ization is generally regarded to be a result of pressure solution 
(Bathurst, 1975). Stylolites present in the micritic limestones of 
FIG. 23. - Photomicrograph of microstylolitic contacts between 
ooids and crinoid fragments. (width of field 7.0mm) 
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the Twin Creek display pressure solution surfaces ranging from smooth to 
high amplitude peaks (classification of Logan and Semeniuk, 1976, cited 
in Flugel, 1982). The amplitudes of the stylolites are generally low 
(0.06-0.12mm), with an occasional amplitude up to 0.80mm. 
The majority of the compaction of Twin Creek sediments is likely 
to have predated the bulk of cementat ion (e.g., the absence of 
cement between grain contacts in packstones-grainstones). Compaction 
was probably initiated during the eogenetic stage as overburden in-
creased. Evidence for eogenetic compaction is represented in some 
grainstones where grain to grain contacts display no micritization while 
the remaining parts of the grain are micritized. Compaction likely 
continued into the deeper mesogenetic stage. 
Cementation 
The cements observed in the Twin Creek samples were generated in 
three diagenetic environments; subaerial freshwater eogenetic, submarine 
eogenetic, and mesogentic. Longman (1980) divided the eogenetic environ-
ment into the marine phreatic, freshwater vadose, and freshwater 
phreat ic zones. 
The marine phreatic zone refers to shallow (<100 meters) seas 
where all the pore spaces in a sediment or a rock are filled with 
normal marine waters. This zone is then divided into two zones: (1) 
the active marine phreatic zone (water movement along with other 
processes results in cementation); and (2) the stagnant marine phreatic 
zone (restricted water movement and little cementation). 
The fresh water vadose zone lies in the subaerial zone below the 
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land surface and above the ground water table (zone of saturation). 
It is characterized by two zones, the zone of solution (soil zone) and 
the zone of precipitation (capillary fringe). 
The freshwater phreatic zone occupies the zone between the mixed 
marine phreatic and freshwater vadose zones. Pores within this zone 
are filled with meteoric water containing variable amounts of dissolved 
carbonate. Calcium carbonate saturation within these waters may in-
crease with depth producing three zones: (1) the undersaturated zone 
(fractures, sinkholes, etc. produce meteoric water undersaturated with 
respect to calcium carbonate); (2) the active saturated zone (actively 
circulating waters and abundant cementation); and (3) stagnant fresh-
water zone (restricted circulation and little cementation). A mixed 
zone environment exists where brackish water is formed by the mixing of 
freshwater phreatic and marine phreatic zones (the site of suspected 
sil icification). For a complete review of the characteristic products, 
processes and environmental occurrences of carbonate cements see Longman 
( 1980) • 
The differentiation between cavity-filling carbonate crystals (ce-
ment) and neomorphic microspar to spar was made by utilizing the 
fabric criteria for cements and neomorphic products in Bathurst, (1975, 
p. 417-419, p. 484-490). 
The packstone-grainstone lithofacies display a number of different 
cement fabrics. The initial cementation in the majority of grain-
stones is represented by coarse fibrous rim cement. This type of cement 
is characteristic of the marine phreatic active zone (Longman, 
1980) under intertidal or subtidal conditions (Flugel, 1982; Scholle, 
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1978). The most abundant pore-filling cement in the grainstones is 
granular (blocky) anhedral to subhedral calcite crystals (Fig. 6). 
This type of cement is characteristic of freshwater phreatic environ-
ments (active zone) (Longman, 1980) and marine phreatic environments 
(Flugel, 1982). The formation of granular cement primarily occurred 
after lithification and compaction of the sediments, and filled the pore 
spaces left after the initial fibrous rim cementation. Occasionally 
in the grainstones, the granular cement developed a drusy mosaic fabric, 
with crystals enlarging centripetally. Drusy mosaic fabrics form in 
environments similar to granular cement but may also form in vadose 
environments (Flugel, 1982) . Rare rhombohedral void filling calcite 
c r ystals (stained by calcite stain) are present in some grain-
stones. Calcite crystals are generally not rhombohedral in shape, 
whereas dolomite crystals generally are (Kuslansky and Friedman, 1981). 
However, t he general lack of dolomite throughout the Twin Creek 
Limestone suggests that these crystals are primary calcite rather than 
dedolomite. Syntaxial rim cement is evident around many of the 
bioclastic grains (primarily echinoderms fragments) in the grainstones 
and packstones. Syntaxial rim cement forms early diagenetically 
(Scholle, 1978) in freshwater phreatic (active zone), freshwater vadose 
(Longman, 1980) and in early marine diagenetic environments (Flugel, 
1982). Syntaxial rim cement may also form in connate waters in the 
deep subsurface (Wilson, 1975). 
The packstones primarily display granular and micritic cements. 
The micritic cement forms in submarine environments as a direct deposi-
tional component and is present within interparticle pores and as intra-
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particle material in lumps. 
Granular cement filling intraparticle and vuggy pores is the pre-
dominant cement type in the fossiliferous carbonate mudstones, fossil-
iferous wackestones, and carbonate mudstone breccia. 
The interpretation of diagenetic sequences is extremely complex due 
t~ the variety of textures which can be produced within the different 
diagenetic environments. Most of the Twin Creek sediments probably 
began their diagenetic history in the marine phreatic zone (except 
supratidal deposits) where interparticle cementation began. During the 
regressive phases, the sediments may have been exposed to freshwater 
meteoric conditions which were likely followed by vadose conditions . 
With progressive sea level fluctuations, the sediments may ha ve been 
subjected to these diagenetic environments a number of times. With 
deeper burial, mesogenetic alteration began. 
Neomorphism: fl General Statement 
The term neomorphism was introduced by Folk (1965) and involved all 
mineral transformations in which the mineral remained intact or was 
converted to a polymorphic mineral (Flugel, 1982). A number of proces-
ses can be involved. However, only aggrading and degrading neomorphic 
processes are discussed in any detail. 
Aggrading Neomorphism 
Aggrading neomorphism is the process whereby larger crystals gro~" 
at the expense of smaller crystals (grain growth) through polymorphic 
transformation and recrystallization (Bathurst, 1975). Most of the 
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micritic limestones display some degree of alteration to neomorphic 
spar and microspar. In rare cases the initial rock fabric has been com-
pletely recrystallized. Some of the sparite filling the interparticle 
pores in the packstones was determined to be neomorphic based on the 
presence of relict micrite within the crystals (floating relics; 
Bathurst, 1975, p. 485-486) and poikilotopic textures (Friedman, 1965). 
Another grain growth fabric, which is evident in the wackestones 
and packstones containing echinoderm fragments, is syntaxial replace-
ment rims. These replacement rims are discerned from primary syntaxial 
rims by the gradational contacts with the surrounding micrite matrix 
(Fig. 24). 
Calcitization of molluscan shells is evident in many of the fos-
siliferous samples. Calcitization involves not only wet polymorphic 
transformation, but also wet recrystallization (Bathurst, 1975). The 
majority of pelecypods display only partial calcitization, whereas 
most of the gastropods are completely calcitized. This disparity in 
calcitization between the two groups can be explained by differences in 
wal 1 structure and the nature of the organic conchiol in sheath around 
the single crystals within the shells ( Bathurst, 1975). 
Aggrading neomorhism probably began early in eogenetic environ-
ments and continued into mesogenetic environments. 
Degrading Neomorphism 
Degrading neomorphism involves the growth of small crystals 
within larger ones (grain diminution) through primary recrystalliza-
tion. This process is most evident in an echinoderm's single crystal 
FIG. 24. - Photomicrograph of a crinoid ossicle with a syntaxial 
replacement rim. (width of field 1.84mm) 
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form which may display recrystallization to micrite. However, the 
presence of micrite within a skeletal crystal is not, by itself, direct 
evidence of grain diminution (Bathurst, 1975). Algal borers, together 
with other endolithic organisms, can produce a texture very similar to 
grain diminution, termed micritization (Bathurst, 1966). The vacated 
excavations of these endolithic organisms may become filled with 
micrite, which may eventually completely replace the original tex-
ture. Micritization of bioclasts is evident in many wackestones and 
packstones, and in some grainstones. In the case of the echinoderm 
grains, grain diminution, micritization and passive infilling of the 
porous microstructure by micrite can be present. 
Degrading neomorphism and micritization may have occurred at 
the sediment/water i11terface and in 1 ater, deeper, eogenet i c and meso-
genet ic environments. 
Silicification 
Authigenic quartz is common in many of the Twin Creek samples 
analyzed. It is present in the fossiliferous wackestones, fossil-rich 
packstones, and grainstones. A large array of authigenic forms are 
represented including: opaline silica; micro and megacrystalline 
quartz; coarse fibrous chalcedonic quartz; spherulitic chalcedonic 
quartz; and euhedral overgrowths and crystals. The majority of these 
forms are found replacing original carbonate material and in rare cases 
replacing evaporites. 
Euhedra l quartz overgrowths 
Typically, the overgrowths are 
often 
around 
occur around ooid nuclei. 
detrital monocrystalline 
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quartz grains, and are visible due to coatings (hematite and clays) 
(Fig. 25). In many cases the overgrowths have grown so large that 
they replace the original carbonate part of the ooid almost completely, 
leaving only isolated patches of carbonate within the overgrowth. Iso-
lated authigenic quartz crystals are generally rare, and are usually 
found in micritic material within peloids and intraclasts. 
The replacement of bioclasts by silica is prevalent in most fos-
siliferous samples. The most common varieties are coarse fibrous 
chalcedony (length-slow and length-fast) and micro-and megacrystal 1 ine 
quartz. Pelecypods are the most profoundly affected, with some Ostrea 
fragments displaying complete replacement. Silica replacement within 
bioclasts is believed to be selective. It is commonly associated with 
microenvironments in and between the shel 1 or in areas of higher 
organic content, and may only be partially influenced by the large scale 
phys i cochem ica 1 environment (Scho 11 e, 1978; Dapp 1 es, 1979). 
The origin of the chert unit found at Cottonwood Creek is somewhat 
perplexing. As mentioned, it is rarely found in other measured 
sections of the Twin Creek Limestone (Imlay, 1967), and it appears to 
have been a peloidal mudstone initially. 
It is suggested that the model for chert formation in 1 imestone 
proposed by Knauth (1979), which is similar to the Dorag model for 
dolomitization (Badiozamani, 1973), produced the silicification of this 
unit. Chert replacement in limestones may occur in a mixed meteoric-
marine coastal system, where dissolution of biogenic silica (or any 
silica with similar solubility) and mixing of marine and fresh waters 
can produce waters highly supersaturated with respect to quartz and 
FIG. 25. - Photomicrograph of euhedral quartz overgrowths 
around ooid nuclei. (width of field 1.84mm) 
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undersaturated with respect to calcite and aragonite (Fig. 26). In 
Knauth's (1979) model, silica is derived from throughout a sedimentary 
sequence in which meteoric water may travel. In the zone where meteor-
ic (saturated with respect to silica) and marine waters (undersaturated 
with respect to silica) mix, silica concentrations approaching equi-
librium saturation values may result (Fig. 2 in Knauth, 1979, p. 275). 
In the zone of mixing, the groundwater can be simultaneously supersatu-
rated with respect to quartz and undersaturated with respect to cal-
cite, and it is under these thermodynamic conditions that silica 
replacement of limestone may occur. 
Supratidal conditions existent at the time of deposition could as 
well be partially responsible for the silicification. Evaporative 
conditions often produce waters rich in sulfate and magnesium and with a 
high pH (up to 10; Folk and Pittman, 1971, p. 1055). At pH's of 8-10, 
the solubility of quartz in pure water at 28° C ranges from 10-48 ppm 
and of amorphous silica, from 110-480 ppm (Krauskopf, 1967). Alteration 
of detrital quartz and clay minerals at these high values of pH could 
produce pore water saturated with respect to silica. The sources of the 
silica, therefore, could have been either or both biogenic and detri-
tal in origin, and could have provided enough silica for sil icification 
in Knauth's (1979) model. 
A unique crinoid-rich and oolitic packstone with chert nodules 
found at South Piney Creek, appears to have evaporite replacement by 
chert. Milliken (1979) described a sequence of textures in sil icified 
evaporite nodules as typically beginning with interlocking quartzine 
spherules near the outer nodu~e edge and ending with a mosaic of equant 
FIG. 26. - A model for silicification of carbonate sediments 
in a coastal mixing zone (after Knauth, 1979). 
Silicification of sediments occurs in the 
mixing zone, where the water is supersaturated 
with respect to silica and undersaturated 
with respect to carbonate. 
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megacrystalline quartz in the nodule's center. The megacrystalline 
quartz in the nodule was characterized by strongly undulose radial 
extinction and with euhedral terminations often having cubic appearance. 
These features are present in the chert nodules of this packs tone (Fig. 
27) and these suggest that initial evaporite minerals have been replaced 
by chert. 
The presence of quartzine (length-slow chalcedony) is suggested by 
Folk and Pittman (1971) as forming in sabkha or sulfate-rich environ-
ments. However, Keene (1983) identified quartzine in silicified pelagic 
sediments from the North Pacific; therefore, care must be taken when 
utilizing quartzine as an indicator of evaporative environments . The 
presence of length-slow chalcedony in chert nodules as well as a 
replacement product in many of the bioclasts suggests that many of 
the pore waters affecting Twin Creek sediments may have been sulfate-
ri ch . 
Origin of Micrite 
Carbonate mudstone samples from the Rich and Leeds Creek members 
were analyzed with a scanning electron microscope in order to obtain 
information concerning the modes of origin of the carbonate mud. Sam-
ples of relatively pure carbonate mudstone (samples noted in Appendix 
A) were chosen from each of the sections studied. No microfossils or 
nannofossils were observed. Two of the samples (SR-734 and CC-790) 
contained fragments, probably molluskan (Fig. 28), very similar in 
structure to those described by Alexandersson (1979) in a study of 
recent disintegrated skeletal carbonate muds in Skagerrak, North Sea. 
FIG.27.- Photomicrograph of chert nodule. (widt h of field 7.0mm) 
FIG. 28. - Scanning electron photomicrograph of molluskan 
fragments. (magnification x 5000) 
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The bulk of the carbonate mud analyzed in the samples consisted of 
subhedral polygonal clay-sized calcite grains which met at interfaces 
(Fig. 29). Honjo (1969) termed such material orthomicrite. The 
modes of origin for orthomicrite include: (1) chemical precipitation in 
conjunction with temperature increases, salinity variations, chan-
ges in water energy, bacterial action and the removal of carbon dioxide 
by the assimilation of plants; (2) fragments of submicroscopic calcar-
eous algae; (3) disintegration of skeletal parts of invertebrates; 
(4) boring of endolithic algae, fungi, and invertebrates; (5) fine 
detritus from bioerosion; and (6) fine detritus from abrasion (Flugel, 
1982). The origin of the micrite in the Twin Creek Limestone is most 
l ikely the result of a combination of the above processes and no one 
process is presumed to have dominated over another. Perhaps with 
greater future study, the primary origin of micrite in the Twin Creek 
Limestone will be disclosed. 
Final Diagenetic Processes 
The last diagenetic stage (telogenetic) is marked by oxidizing 
environments producing iron-stained rims around carbonate grains and 
calc i te cement in many of the samples. Hematite is occasionally found 
filling interparticle and intraparticle pores. Pyrite is evident in 
some mudstones and is noticeably oxidized to hematite and limonite. 
Lastly, after tectonism, with fracturing and joint formation, subsequent 
filling of veins with calcite occurred. 
FIG. 29. - Scanning electron photomicrograph of micrite 
crystals. (magnification x 2000) 
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elastic Oiagenesis 
Compaction in the sandstone A 1 ithofacies is readily apparent by 
the presence of grain to grain and sutured contacts. This situation 
is usually observed in the coarser grained samples and is less apparent 
in the finer grained samples. The terrigenous mudstones and sand-
stone B lithofacies generally do not display distinct compaction fea-
tures due to the grain supported micrite matrix. Compaction probably 
was initiated in eogenetic environments and intensified in deeper meso-
genet ic environments. 
The dominant cement in the terrigenous samples is granular 
calcite spar. Poikilotopic textures are present in some samples. 
Some of the spar appears to be neomorphic in nature, although this is 
not abundant. Silica cement is present in a number of the samp 1 es of 
sandstone A as overgrowths on monocrystal 1 ine quartz grains (Fig. 30). 
The overgrowths are in crystallographic continuity with the quartz 
grains, and can be discerned because of hematite or clay mineral 
coatings around the original grain. The silica cement was produced in 
the latter stages of burial diagenesis (mesogenesis) by pressure 
solution (sutured contacts). 
Iron - oxide cement is al so evident in samples from sandstone A and 
gives these sandstones a distinct red coloration. Hematite often 
occurs as pore fillings in the coarser grained sandstones and as matrix 
in the finer grained sandstones. Hematite is also observed as dis-
tinct coatings on many grains (prior to silica overgrowths). A portion 
of the iron-oxide minerals appears to be detrital in origin ratherthan 
authigenic pore fi 11 ings. The hematite cement probably formed dia-
FIG. 30. - Photomicrograph of authigenic quartz overgrowths 
on monocrystalline quartz grains. (width of field 
1.84mm) 
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genetically early (eogenesis) by alteration of original detrital iron 
minerals, although some may have formed in late subaerial stages (telo-
genesis). 
Aggrading neomorphism is present to some degree in many of the 
terrigenous mudstones and in sandstone B where micrite relicts are 
evident in both pore-filling microspar and sparry calcite. In sandstone 
A it is primarily absent. Recrystallization of micrite or of primary 
cement most likely occurred in later stages (mesogenesis and 
telogenesis). 
Clay minerals in sandstones are both detrital and diagenetic in 
origin, and the relative proportions of each are difficult to determine 
(Blatt, 1979). Alteration of feldspars and other detrital grains is 
apparent in most of the elastic samples. Fel~spar alteration most 
likely contributed to the production of some of the clays identified 
petrographically and by x-ray diffraction. The formation of authigenic 
clay minerals probably occurred in eogenetic environments which fa-
vored circulation of pore waters and facilitated the alteration of 
terrigenous material. 
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SUMMARY OF ENVIRONMENTAL AND DIAGENETIC ONDITIONS 
The Twin Creek Limestone is characterized by epicontinental 
shallow-marine shelf carbonate environments which ranged from shallow 
subtidal to supratidal. The major facies recognized are: outer shelf 
platform; platform edge carbonate sands; open platform (inner shelf 
lagoons); restricted platform; and platform evaporites. Migration of 
the associated lithofacies in the region most likely resulted from major 
eustatic sea level changes which occurred along the Twin Creek seaway 
during the Middle Jurassic. Carbonate sedimentation dominated. However, 
eolian material is commonly intercalated with limestones throughout 
most of the Twin Creek's members, and reworking of the underlying sand-
stone unit (Nugget Sandstone) is evident in the basal member of Twin 
Creek Limestone. 
Diagenesis of the Twin Creek sediments was initiated in eogenetic 
environments by near-surface waters. Features represented by this 
stage include: micritization; submarine and meteoric cements; compact-
ion; and minor neomorphism (i.e., inversion of aragonite skeleton?)-
The mesogenetic environment was represented by increased compaction 
(stylolitization/pressure solution), some cementation by connate waters, 
and neomorphism. Diagenetic alteration in the telogenetic environment 
is characterized by hematite staining and coatings and fracture-infil-
ling by calcite. 
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Appendix~ 
Petrographic, Insoluble Residue, and X-ray Data 
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Explanation 
Sample descriptions are from petrographic analysis. Samples are 
listed in both feet and meters ().The symbol * after the sample number 
indicates that the thin section was point counted. Mudstone samples 
which were analyzed with the scanning electron microscope are identified 
by the abbreviation (SEM). 
The terminology of Dunham (1962) and Folk (1974) was utilized for 
the carbonates and sandstones respectively. Modifiers, compositional 
names, size, roundness, sphericity, and other important attributes are 
also given. 
The insoluble residues mineralogic composition was determined by x-
ray diffraction and is listed in order of decreasing peak height. Un-
known= unidentified x-ray peaks. 
Abbreviations 
Roundness: A= Angular, SA= Subangular, WR = Well Rounded, R = Round, 
SR= Subround 
Sphericity: P = Platy, Bl = Bladed, SE= Subequant, E = Equant 
Miscellaneous: Clyst = Claystone, Ls= Limestone, Sltst = Siltstone, 
I-M = Illite-Micas , Sm= Some, GS= Gypsum Springs 
Leeds Creek - Section 1 
Sample Section Rock Percent Insoluble Residue 
Number Name Insoluble Composition 
GS-1 1 Chert; needle-like and fluid 59.6 quartz, smectite 
inclusions 
GS-2 1 Fossiliferous mudstone; mud- 54 .1 quartz, plagioclase 
rock smectite 
GS-3 1 Silt-bearing mudstone; vuggy, 13.8 quartz, plagioclase 
limestone. 
GS-4 1 Crystalline carbonate; limestone. 
GS-5 1 Chert nodules, needle-like 37.7 quartz, chlorite 
inclusions 
103 ( 31. 4) 1 Fossiliferous oolitic grain- 3.9 quartz, smectite 
stone; (.17-5lmm), limestone. 
110 (33.5) 1 Fossiliferous peloid-bearing 9.1 quartz, plagioclase, 
oolitic packstone; (.20-.67nm), smectite 
limestone. 
118 (36.0) 1 Fossiliferous peloid-bearing 7.5 quartz, plagioclase, 
packstone; (.16-l.13mm), smectite 
limestone. 
,_. 
120 (36.6) 1 Fossiliferous peloid-bearing 12.7 quartz, plagioclase, 0 
-....J 
packstone; (.16-1.00mm), smect ite 
limestone. 
175 (53.3) 1 Fossiliferous mudstone; limestone. 9.8 quartz, plagioclase 
smectite 
200 (61.0) 1 Fossiliferous silt-bearing 15.7 quartz, plagioclase, 
wackestone; (.009-3.5rrrn), bio- smectite, chlorite 
turbation, limestone. 
230 (70 .1) 1 Silt-bearing mudstone; 14.6 quartz, 1-M, 
(.009-.l0mm), SA-SR, limestone. chlorite 
275 (83.8) 1 Silt-bearing mudstone; ( • 01 - • 13rrrn) , 14.8 quartz, 1-M, 
SA-SR, bioturbation, limestone. smectite 
346 (105.5) 1 Silt-bearing mudstone; 11. 9 quartz. 1-M 
(.009-.07mm),SA-SR, bioturbation, smectite 
limestone. 
395 (120.4) 1 Fossiliferous silt-bearing wacke- 12.0 quartz, 1-M 
stone; (.009-.llmm), SA-SR, chlorite 
bioturbat ion, 1 imestone. 
440 (134.1) 1 Silt-bearing mudstone; (. 009-
.12rrrn), SA-SR, bioturbation, 
limestone. 
540 ( 164. 6) 1 Fossiliferous peloid-rich oolitic 2.9 quartz, 1-M, 
grainstone; ( .09-.49mm), limestone. smectite 
547 (166.8) 1 Crystalline carbonate; limestone. 10 .8 quartz, 1-M, 
smectite 
610 (186.0) 1 Fossiliferous silt-bearing mud- 13.0 quartz, I-M, 
stone; (.01-.l0rrrn), SA-SR, plagioclase, smectite 
limestone. 
I-' 
0 
OJ 
623 (190.0) 1 Silt-bearing mudstone; 
(.009-.lOmm), A-R, bioturbation, 
1 imes tone. 
633 (193.0) 1 Silt-bearing mudstone; 
(.009-.08mm), A-SA, limestone. 
645 (196.6) 1 Silt-bearing mudstone; 
limestone. 
651 ( 198. 5) 1 Fossiliferous silt-bearing 
peloid-rich intraclast-rich oolitic 
wackestone; (.09-.2lrmi), SE, SA-SR, 
limestone. 
741 (225.9) 1 Silt-bearing mudstone; 
(.009-.14mm), SA-SR, bioturbation, 
1 imestone. 
751 (228.0) 1 Mudstone; bioturbation, 1 imestone. 
780 (237 .8) 1 Silt-bearing mudstone; 
(.009-.09rmi), A-R, bioturbation, 
limestone. 
782 ( 238. 4) 1 Fossiliferous pellet-rich silt-
rich packstone; (.009-.lOmm), A-SA, 
limestone. 
855 (260.7) 1 Well-sorted silt-fine sand, calcite 60.9 quartz, plagioclase, 
cement, opal, biotite, magnetite, K-feldspar, I-M, 
and hematite-bearing arkose; A-SA, smectite 
sandstone. 
I--' 900 (274.4) 1 Silt-rich mudstone; (. 009-. 09nm), 0 
~ A-SR, limestone. 
985 (300. 3) 1 
1265 (385.7) 1 
1365 (416.1) 1 
1775 (541.1) 1 
1940 (591.5) 1 
1960 ( 597 • 6) 1 
2035 (620.4) 1 
2060 (628.0) 1 
2075 (632.6) 1 
Silt-rich mudstone; (.009-.08mm), 50.9 
A-SR, limestone. 
Silt-bearing mudstone; 
(.008-.07mm), A-SR, bioturbation, 
limestone. 
Fossiliferous silt-bearing 
mudstone; (.008-.l0mm), A-SR, 
limestone. 
Fossiliferous silt-bearing 
mudstone; (.009-.llmm), A-SR, 
bioturbation, {SEM), limestone. 
Fossiliferous pelecypod-bearing 
crinoid-rich packstone; (.46-5.65), 
limestone. 
Siltstone; (.008-.06mm), 62.2 
A-R, siltstone. 
Fossiliferous pelecypod-bearing 18.1 
silt-rich crinoid-rich packstone; 
(.01-5.0mm), A-R, limestone. 
Medium-sorted silt-fine sand, 61.3 
calcite cement, peloid and 
hematite-bearing arkose; SA-SR, 
sandstone. 
Fossiliferous silt-bearing 12.9 
echinoid-rich crinoid-rich oolitic 
packstone; (.01-.44mm), SE, A-SR, 
limestone. 
quartz, plagioclase, 
I -M, smec t ite 
quartz, plagioclase 
quartz, plagioclase, 
I-M, smect ite 
quartz,plagioclase, 
I - M, s m ec tit e 
quartz, plagioclase, 
K-feldspar, 
smectite 
2080 ( 6 34. 1 ) 1 
2085 (635.7) 1 
Pellet-rich siltstone; 58.0 
(.01-.15mm), A-SR, siltstone. 
Well-sorted silt-fine sand, calcite 62. 2 
cement, magnetite, biotite, 
muscovite and hematite-bearing 
subarkose; A-SR, sandstone. 
quartz, plagioclase, 
K-feldspar 
quartz, plagioclase, 
I-M, smectite 
Sliderock Creek - Section 2 
Sample Section Rock Percent Insoluble Residue 
Number Name Insoluble Compos iton 
35 (10.7)* 2 Moderately sorted silt-coarse 91.0 quartz, plagioclase, 
sand, calcite cement, chert-bearing chlorite, smectite 
subarkose; A-WR, sandstone. 
37 (11.3)* 2 Moderately sorted silt-coarse 98.1 quartz, plagioclase, 
sand, silica cement, chert-bearing chlorite, smectite 
subarkose; VA-WR, sandstone. 
45 (13.7)* 2 Moderately sorted silt-coarse 
sand, calcite cement, subarkose; 
SA-WR, sandstone. 
50 (15.2)* 2 Poorly sorted silt-granule 87.9 quartz, plagioclase, 
sand, calcite and hematite ch 1 orite 
cement, subarkose; SA-WR, sandstone. 
64 (19.5)* 2 Moderately sorted silt-medium 78.6 quartz, plagioclase, 
sand, calcite cement, chert-bearing smectite 
subarkose; SA-RD, sandstone. 
68 (20.7)* 2 Fossiliferous pellet-rich 
oolitic packstone; ( .02-. 70mm), 
1 imestone. 
115 (35.1)* 2 Fossiliferous pellet-rich 5.90 quartz, plagioclase, 
oolitic packstone; (. 001-1. 75mm) smectite ,_. ,_. 
limestone. N 
151 (46.0)* 2 Crystalline carbonate; vuggy, 8.0 quartz, unknown 
limestone. 
155 (47.2)* 2 Crystalline carbonate; vuggy, 8.0 quartz, plagioclase, 
limestone. unknown 
225 (68.6)* 2 Mudstone; bioturbation, 21.0 quartz, plagioclase, 
limestone. I-M 
264 (80. 5) * 2 Mudstone; bioturbation, 13.9 quartz, plagioclase, 
limestone. I-M 
298 (90.8)* 2 Mudstone; bioturbation, 13.3 quartz, plagioclase, 
limestone. I-M 
346 (105.5)* 2 Mudstone; bioturbation, 13.3 quartz, plagioclase, 
limestone. I-M, smectite 
405 (123.5)* 2 Mud stone; limestone. 
461 (140.5)* 2 Silt-rich peloid-rich oolitic 30.7 quartz, plagioclase 
packs tone; (.002-.24nm}, 
SA-SR, limestone. 
463 (141.1)* 2 Pellet-bearing silt-rich 16.7 quartz, plagioclase, 
oolitic packstone; (.002-.30mm) I-M, smect ite 
SA-SR, limestone. 
475 (144.8)* 2 Silt-rich peloid - rich oolitic 31.0 quartz, plagioclase, 
packstone; (.08-.12mm), limestone. I-M 
510 (155.5)* 2 Peloid-bearing oolitic 7.5 quartz, plagioclase 
packstone; ( . 1 0 - . 9 3mm) , limestone. 
512 (156.1)* 2 Peloid-bearing oolitic 6.5 quartz, plagioclase ...... 
packs tone; (.21-.92mm), BL-SE, ...... w 
limestone . 
513 (156.4)* 2 Peloid-rich oolitic packstone; 6.7 quartz, plagioclase 
(.09-4.45mm) BL-SE, limestone. 
553 (173.2)* 2 Mudstone; limestone. 9.3 quartz, plagioclase 
595 (181.4)* 2 Mudstone; bioturbation, 11. 9 quartz, plagioclase, 
limestone. 1-M, smectite 
659 (200.9)* 2 Mud stone; limestone. 24.0 quartz, plagioclase, 
I-M 
664 (202.9)* 2 Mudstone; bioturbation, 20.5 quartz, plagioclase, 
(SEM), limestone. I-M 
734 (223.8)* 2 Mudstone; bioturbation, 15.3 quartz, plagioclase 
(SEM), limestone. 
824 (251.2)* 2 Pellet-bearing silt-rich 39 .1 quartz, 1-M, 
mud stone; (.03-.08mm), SA-SR, smectite 
limestone. 
857 (261.3)* 2 Pellet-bearing silt-rich 51.2 quartz, plagioclase 
mud stone; (. 03-. 08mm) , SA-A, I-M 
limestone. 
859 (261.9)* 2 Silt-rich pellet-rich oolitic 33.8 quartz, plagioclase, 
packs tone; (.07-.2mm), SA-SR, I-M 
limestone. 
869 (264.9)* 2 Well sorted silt, calcite cement, 54.5 quartz, plagioclase, 
hematite-bearing subarkose; A-SR, I-M 
sandstone. 
880 (268.3)* 2 Mudstone; bioturbation, 18.4 quartz, plagioclase 
limestone. ,_. ,_. 
.i:,:. 
924 (281.7)* 2 Silt-rich mudstone; 45.8 quartz, plagioclase, ( .015-.07mm), A-SR, limestone. I-M, srnectite 
935 (285.1)* 2 Crinoid-bearing pelecypod-rich 10.2 quartz, plagioclase, 
wackes tone; (.23-1.8mm), limestone. I-M, smectite 
953 (290.5)* 2 Silt-rich mudstone; (. 04-. 09mm) 50. 3 quartz, plagioclase, 
A-SR, limestone. I-M 
1009 (307.6)* 2 Echinoid-bearing pelecypod-rich 11. 4 quartz, plagioclase 
wackes tone; (.25-4.35mm), limestone. 
1012 (308.5)* 2 Silt-bearing mudstone; 28 .1 quartz, plagioclase, (.015-.09mm), A-SR, bioturbation, I-M 
limestone. 
1134 (345.7)* 2 Mudstone; bioturbation, 
limestone. 
1639 (499.7)* 2 0oid-rich silt-rich packstone; 50.6 quartz, plagioclase, (.01-.50mm), A-SR, limestone. I-M 
1641 (500.3)* 2 Pellet-bearing siltstone; 60.9 quartz, plagioclase, (.01-.06mm), A-SR, siltstone. I-M 
1644 (501.2)* 2 0oid-rich crinoid-rich 7.1 quartz, plagioclase 
grainstone; ( .15-2. 5mm), 
limestone. 
1679 (511.9)* 2 Silt-rich mudstone; ( . 01 - • 06mm) 49.5 quartz, plagioclase, 
A-SR, bioturbation, limestone. I-M, smect ite 
1689 (514.9)* 2 Moderately sorted silt-fine 66. 6 quartz, plagioclase, 
sand, calcite cement, hematite- K-feldspar, I-M 
bearing subarkose; A-SR, sandstone. ,._, ,._, 
u, 
1694 (516.5)* 2 Moderately sorted silt-fine 60.4 
sand, calcite cement, chert-bearing 
hematite-bearing arkose; A-SR, 
sandstone. 
quartz, plagioclase, 
K-feldspar 
La Barge Creek - Section 3 
Sample Sect ion Rock Percent Insoluble Residue 
Munber Name Insoluble Composition 
2 (0. 6) 3 Poorly sorted silt-coarse 91. 5 quartz, plagioclase, 
sand, calcite cement, zircon smectite 
and hematite-bearing arkose; 
A-SR, sandstone. 
3 (0.9) 3 Silt-bearing mudstone; 8.0 quartz, plagioclase, 
(.03-.09mm), A-SR, bioturbation, unknown 
limestone. 
15 (4.6) 3 Mudstone Breccia; (.6-15.0mm), 30.4 quartz, plagioclase, 
clyst, ls, sltst, and volcanic I-M, smect ite 
rock fragments, A-SA, limestone. 
18 ( 5 .1) 3 Very poorly sorted silt- 85.2 quartz, plagioclase, 
coarse sand, calcite cement, K-feldspar 
subarkose; A-RD, sandstone. 
22 ( 6. 7) 3 Mudstone Breccia; ( . 3-4. 0mm) , 7.4 quartz, plagioclase, 
clyst and ls clasts, A-SA, I-M 
limestone. 
40 (12.2) 3 Mudstone Breccia; (. 3-1. 5mm) 1.0 quartz, plagioclase, 
ls clasts, A, limestone. unknown 
118 (36.0) 3 Fossiliferous peloid-bearing 
oolitic packstone; (.15-.6mm), .....,. I-' 
limestone. -..._J 
126 (38.4) 3 Fossiliferous silt-bearing 
mud stone; (.01-.05mm), A-SR, 
bioturbation, limestone. 
155 (47 .2) 3 Fossiliferous mudstone; 
( . 05-. 9mm) , limestone. 
300 (91.4) 3 Fossiliferous mudstone; 
(.008-.5mm), A-SR, bioturbation, 
(SEM), limestone. 
312 (95.1) 3 Fossiliferous mudstone; 
(.05-.13), A-SR, bioturbation, 
limestone. 
350 (106. 7) 3 Fossiliferous silt-bearing 
mud stone; (.009-.12mm), A-SR, 
bioturbation, limestone. 
351 (107.0) 3 0stracode-bearing pelecypod-
rich peloid-rich wackestone; 
(.04-.22mm), SA-SR, bioturbation, 
sm articulated ostracodes, 
limestone. 
355 (108.2) 3 Fossiliferous peloid-bearing 
silt-bearing pelecypod-bearing 
oolitic wackestone-packstone; 
(.09-l.8mm), SA-SR, limestone. 
360 (109.7) 3 Fossiliferous oolitic 15.1 quartz, plagioclase, 
wackes tone; (.03-.3mm), A-SR, I-M 
bioturbat ion, limestone. 
I--' 
I--' 
00 
428 ( 130. 5) 3 Pellet-bearing silt-bearing 
fossiliferous mudstone; 
(.02-.13rrm), SA-SR, limestone. 
455 ( 138. 7) 3 Fossiliferous peloid-bearing 14.9 quartz, unknown 
oolitic wackestone; (.03-2.25rrm), 
SA-SR, limestone. 
458 ( 139. 6) 3 Fossiliferous pelecypod-bearing 8.6 quartz, plagioclase, 
oolitic wackestone; (.02-.8mm), I-M, smect ite, 
SA-SR, vuggy, limestone. unknown 
470 (143.3) 3 Fossiliferous silt-rich 17.9 quartz, plagioclase, 
rnudstone; (.015-.13rrm), A-R, I-M, smectite 
limestone. 
490 (149.4) 3 Silt-rich pellet-rich 44.0 quartz, plagioclase, 
packstone; (.01-.llmm), SA-SR, K-feldspar, I-M, 
limestone. smectite 
500 (152.4) 3 Fossiliferous silt-rich 37.1 quartz, plagioclase, 
peloid-rich oolitic packstone; I-M, smectite 
(.01-.28mm), A-SR, limestone. 
510 (155. 5) 3 Mudstone; bioturbation, 
limestone. 
511 (155.8) 3 Fossiliferous oolitic 5.1 quartz, unknown 
packstone; (.18-l.15mm), SA-SR, 
limestone. 
559 (170.4) 3 Fossiliferous mudstone; 16.7 quartz, plagioclase, 
(.01-.4mm), SA-SR, limestone. I-M, smectite 
,_. 
,_. 
I.O 
570 (173.8) 3 Peloid-bearing crinoid-bearing 
pelecypod-rich wackestone; 
(.01-.4ITTTI), SA-SR, bioturbation, 
limestone. 
588 (179.3) 3 Fossiliferous ooid-rich silt-
rich pellet-rich packstone; 
(.01-.12ITTTI), A-SR, 1 imestone. 
595 (181.4) 3 Silt-rich pellet-rich 54.8 quartz, plagioclase, 
packstone; ( . 01 - . llTITI) , A-SR, smectite 
limestone. 
600 (182.9) 3 Fossiliferous oolitic 10. 7 quartz, I-M, 
packstone; ( . 1 - . 8mm) , limestone. smect ite 
610 ( 186. 0) 3 Fossiliferous pelecypod- 13.3 quartz, smectite, 
bearing oolitic packstone; unknown (. 2-1. 75ITTTI), limestone. 
660. (201.2) 3 Fossiliferous lump-bearing 5.3 quartz, plagioclase, 
crinoid-bearing oolitic 1-M 
packstone; ( • 11-. 7 5mm) , limestone. 
675 (205.8) 3 Gastropod-bearing ooid-
bearing crinoid-rich pelecypod-
rich packstone; (. 3-, 75ITTTI), 
limestone. 
680 (207. 3) 3 Fossiliferous bryozoan- 11.6 quartz 
bearing crinoid-bearing 
pelecypod-rich oolitic 
packstone; (.12-l.5mm), SE-BL, 
limestone. 
,_. 
N 
0 
705 (214.9) 3 Fossiliferous coralline algae- 10.6 quartz, plagioclase, 
bearing pelecypod-bearing crinoid- smectite, unknown 
bearing peloid-bearing oolitic 
packstone; (.12-l.75mm), SE-BL, 
limestone. 
715 (218. 0) 3 Fossiliferous oolitic 
grains tone; ( .1-. 5mm), 
limestone. 
728 (222.0) 3 Fossiliferous pelecypod- 4.1 quartz, plagioclase, 
bearing oolitic grainstone; I-M, smect ite ( .12-. 65rrrn), limestone. 
780 (237.8) 3 Crinoid-bearing gastropod-
bearing pelecypod-rich wackestone; 
(.12-3.lmm), vuggy, limestone. 
875 (266.8) 3 Fossiliferous gastropod- 17.1 quartz, plagioclase, 
bearing crinoid-bearing smectite 
pelecypod-rich wackestone; 
(.3-3.lmm), bioturbation, vuggy, 
limestone. 
876 (267 .1) 3 Foss i 1 iferous mudstone; 
bioturbation, limestone. 
915 (279.0) 3 Fossiliferous silt-bearing 
pelecypod-bearing oolitic 
packs tone; (.02-.3rrrn), A-SR, 
limestone. 
925 (282.0) 3 Silt-bearing oolitic 9.6 quartz, plagioclase, 
grains tone; (.02-.22mm), SA-SR, I-M 
1 imestone. I-' 
N 
I-' 
928 (282.9) 3 Fossiliferous silt-bearing 7.1 quartz, plagioclase, 
oolitic grainstone; ( .06- .28mm), I-M, smectite 
SA-SR, limestone. 
934 (284.7) 3 Peloid-bearing hematite- 60.6 quartz, plagioclase, 
bearing siltstone; K-feldspar, I-M, ( .016-. lrrm), SA-SR, hematite smectite 
cement in part, siltstone. 
935 (285.4) 3 Pellet-rich silt-rich 
wackes tone; (.01-.09mm), A-SR, 
limestone. 
938 (286.0) 3 Fossiliferous ooid-bearing 44.4 quartz, plagioclase, 
silt-rich packstone; (.02-.12mm), K-feldspar, smectite 
A-SR, limestone. 
1048 (319.5) 3 Fossiliferous pellet-bearing 46.2 quartz, plagioclase, 
ooid-rich silt-rich packstone; smectite 
( .02-.24rrm), A-SR, graded bedding, 
limestone. 
1115 (339.9) 3 Fossiliferous echinoid-bearing 10. 3 quartz, plagioclase, 
crinoid-bearing pelecypod-rich 1-M, smectite 
oolitic packstone-grainstone; 
(.02-.4mm), SA-SR, SE-BL, vuggy, 
limestone. 
1180 (359.7) 3 Mudstone; limestone. 48.6 quartz, plagioclase, 
1-M, smectite 
1190 (362.8) 3 Pellet-bearing siltstone; 59.4 quartz, plagioclase, (.02-.12ITTTI), A-SR, silt K-feldspar, 1-M 
and pellet intercalations, 
siltstone. ,_. 
N 
N 
1192 ( 363. 4) 3 
1193 (363.7) 3 
1195 (364.3) 3 
Siltstone; (.003-.lrrrn), 
A-R, clay matrix 
in part, siltstone. 
Well sorted silt-fine sand, 
calcite cement, tourmaline and 
hematite-bearing chert-rich 
arkose; A-R, rare ooids, sandstone. 
Pellet-bearing siltstone; 
( .02-.08rrrn), A-SR, 
siltstone. 
60.7 quartz, plagioclase, 
1-M, smectite 
....., 
N 
w 
Sample 
Number 
3 (0.9)* 
5 (1.5)* 
14 (4.3)* 
18 (5.5)* 
22 (6.7)* 
25 (7 .6)* 
41 (12.5)* 
South Piney Creek - Section 4 
Section Rock Name Percent 
Insoluble 
4 Poorly sorted silt-coarse 89.6 
sand, calcite cement, chert and 
hematite-bearing subarkose; SA-WR, 
sutured contacts, sandstone. 
4 
4 
4 
4 
4 
4 
Crystalline carbonate; vuggy, 
pelleted texture, limestone. 
Peloid-bearing oolitic 7.6 
packstone; ( .1-2. 65mm), limestone. 
Moderately sorted silt-medium 76.1 
sand, calcite cement, hematite 
and chert-bearing subarkose; 
A-SR, sutured contacts, sandstone. 
Silt-rich mudstone; 48.2 
(.04-.42mm), A-R, bioturbation, 
limestone. 
Mudstone breccia; ls and 14.4 
clyst clasts, A-SA, vuggy, 
limestone. 
Mudstone; recrystallized, 
vuggy, limestone. 
2.8 
Insoluble Residue 
Composition 
quartz, plagioclase, 
K-feldspar, I-M, 
chlorite 
quartz, plagioclase 
quartz, plagioclase, 
K-feldspar, smectite, 
chlorite 
quartz, plagioclase, 
K-feldspar 
quartz, plagioclase, 
K-feldspar, I-M, 
chlorite 
quartz, plagioclase, 
unknown 
55 (16.8)* 4 Mudstone; recrystallized, 5.7 quartz, pl ag ioc lase, 
vuggy, limestone. unknown 
90 (27.4)* 4 Mudstone breccia; 1 s, clyst 6.3 quartz, plagioclase, 
and siltstone clasts, A-SA, K-feldspar, smectite, ( 1. 65-14. 0mm), vuggy, limestone. chlorite 
160 (48.8)* 4 Crinoid-bearing intraclast- 11.1 quartz, plagioclase, 
bearing pellet-rich oolitic K-feldspar, smectite, 
packs tone; ( .09-89mm), limestone. chlorite 
175 (53.3)* 4 Peloid-rich oolitic 9.1 quartz, plagioclase, 
packs tone; ( . 06-. 3mm) , limestone. smect ite 
235 (71.6)* 4 Mudstone; trace of pelecypods 
and ostracodes, limestone. 
238 (72.6)* 4 Fossiliferous mudstone; 
(.01-.93mm), limestone. 
18.8 quartz, plagioclase 
257 (78.3)* 4 Mudstone; trace of ostracodes, 23.9 quartz, plagioclase, 
forams, calcispheres,and silt, unknown 
A-SR, (SEM), limestone. 
302 (92.1)* 4 Fossiliferous mudstone; 
(.02-.93mm), bioturbation, 
limestone. 
320 (97 .6)* 4 Fossiliferous mudstone; 
(.02-.45mm), SA-SR, bioturbation, 
limestone. 
331 (100.9)* 4 Silt-bearing mudstone; 43.2 quartz, plagioclase, 
(.02-.06mm), SA-SR, limestone. K-feldspar, I-M 
...... 
N 
u, 
340 (103.6)* 4 
345 (105.2)* 4 
42 5 ( 129. 6) * 4 
430 (131.1)* 4 
435 (132.6)* 4 
442 ( 134. 7) * 4 
44 7 ( 136 . 3) * 4 
454 ( 138. 4) * 4 
458 (139.6)* 4 
Fossiliferous silt-bearing 24.9 
mudstone; (.02-.2mm), SA-SR, 
bioturbation, limestone. 
Pellet-rich silt-rich 48.9 
wackestone; (.02-.08mTI), SA-SR, 
limestone. 
Ooid-rich silt-rich pellet- 30.4 
rich packstone; (.02-.lmm), A-SR, 
planar cross-stratification, 
limestone. 
Ooid-rich silt-rich pellet- 38.4 
rich packstone; (.02- . lmm), SA-SR, 
planar cross-stratification, 
limestone. 
fossiliferous mudstone; 26.4 
(.02-.08mm), A-SR, bioturbation, 
limestone. 
Oolitic grainstone; 14.1 
(.02-.45mm), SA-SR, bioturbation~ 
limestone. 
Oolitic wackestone; 25.0 
(.02-.44mm), SA-SR, bioturbation, 
limestone. 
Silt-rich mudstone; 43.0 
(.02-.25mm), SA-SR, silt and 
micrite intercalations, limestone. 
Silt-bearing mudstone; 
(.02-.07mn), A-SR, 
bioturbation, limestone. 
23.6 
quartz, plagioclase, 
I-M 
quartz, plagioclase, 
K-feldspar, unknown 
quartz, plagioclase, 
K-feldspar, I-M 
quartz, plagioclase, 
K-feldspar 
quartz, plagioclase, 
I-M 
quartz, plagioclase, 
I-M, smect ite 
quartz, plagioclase, 
I-M, unkown 
quartz, plagioclase, 
I-M, smect ite 
quartz, plagioclase, 
1-M 
46 5 ( 141 • 8) * 4 
480 ( 146 . 3) * 4 
488 (148.8)* 4 
495 (150.9)* 4 
509 (155.2)* 4 
512 (156.1)* 4 
541 (164. 9)* 4 
543 (165.5)* 4 
Fossiliferous oolitic 17.3 
packstone; (.18-.94mm), SA-SR, 
limestone. 
Silt-rich mudstone; 36.2 
(.01-.09mm), SA-SR, limestone. 
Fossiliferous ooid-bearing 10.2 
crinoid-rich pelecypod-rich 
grainstone; (.18-l.2mm), SE-BL, 
limestone. 
Fossiliferous peloid-bearing 24.0 
echinoid-bearing oolitic packstone; 
(.15-l.15nm), SE-BL, limestone . 
Peloid-bearing crinoid- 11.4 
bearing, pelecypod-rich oolitic 
packstone; (.12-.9mm), SE, 
limestone. 
Silt-bearing peloid-rich 12.6 
oolitic packstone; (.06-25mm), 
A-SR, limestone. 
Silt-bearing peloid-rich 17.5 
oolitic packstone; (.06-1.0mrn), 
SA-SR, limestone. 
Fossiliferous pellet-rich 41.1 
silt-rich wackestone; (.02-.12mm), 
A-SR, bioclastic intercalations, 
limestone. 
quartz, unknown 
quartz, plagioclase, 
K-feldspar, I-M, 
smectite 
quartz, unknown 
quartz, plagioclase, 
K-feldspar, smectite, 
unknown 
quartz, plagioclase, 
unknown 
quartz, smectite, 
unknown 
quartz, plagioclase, 
smectite 
quartz, plagioclase, 
smectite 
554 (168.9)* 
565 (172.2)* 4 
595 (181.4)* 4 
621 (189.3)* 4 
622 (189.6)* 4 
632 (192.7)* 4 
648 ( 197 . 6) * 4 
694 (211.6)* 4 
Fossiliferous crinoid-rich 
bryozoan-rich oolitic packstone; 
(.16-4.3rrrn), SE-BL, limestone. 
Fossiliferous gastropod-
bearing pelecypod-rich 
crinoid-rich wackestone; 
(.35-1.85rrrn), SE-BL, limestone. 
Pelecypod-bearing 
gastropod-bearing crinoid-rich 
wackestone; ( .06-1.85mm), 
bioturbation, limestone. 
Silt-bearing oolitic 
grainstone; (.02-.27ITTTI), 
A-SR, limestone. 
Pelecypod-bearing crinoid-
bearing oolitic packstone; 
(.06-1.38rrrn), SE-BL, limestone . 
Fossiliferous peloid-
bearing pelecypod-bearing 
bryozoan-rich oolitic packstone; 
(.08-1.75mm), SE-BL, bioturbation, 
limestone. 
Fossiliferous pelecypod-
bearing wackestone; (.06-1.7mm), 
SE, bioturbation, limestone. 
27.0 
35.3 
21.6 
21. 5 
21. 7 
30.1 
Pelecypod-bearing ooid- 31.8 
bearing gastropod-rich 
crinoid-rich packstone; (.08-3.lmm), 
SE, limestone. 
quartz, 1-M, 
smect ite 
quartz, plagioclase, 
1-M, smect ite 
quartz, plagioclase 
quartz, plagioclase, 
unknown 
quartz, plagioclase, 
1-M, smect ite 
quartz, plagioclase, 
1-M, kaolinite 
quartz 
I-' 
N 
00 
695 (211.9)* 4 Fossiliferous silt - 56.8 quartz, plagioclase, 
bearing crinoid-rich chert; smectite 
(.l-1.8mm), chert nodules, 
chalcedonic, megacrystalline, 
microcrystalline quartz, chert 
696 (212.2)* 4 Silt-rich mudstone; 39.3 quartz, plagioclase, 
(.04-.36mm), A-SR, limestone. I-M, smectite 
710 (216.5)* 4 Fossiliferous peloid- 59.5 quartz, plagioclase, 
bearing siltstone; K-feldspar, smectite 
micrite intercalations, 
(.09-.19mm), SA-SR, 
bioturbation, siltstone. 
715 (218.0)* 4 Fossiliferous peloid- 58.2 quartz, plagioclase, 
bearing siltstone; K-feldspar, I-M, 
micrite intercalations, smectite (.09-.19mm), SA-SR, 
bioturbation, siltstone. 
722 (220.1)* 4 Peloid-rich silt-rich 36.8 quartz, plagioclase 
wackestone; (.003-09mm), 
SA-SR, limestone. 
733 (223.5)* 4 Peloid-rich silt-rich 
wackestone-packstone; 
(.003-.9mm), SA-SR, limestone. 
805 (245.4)* 4 Fossiliferous silt-rich 31. 9 quartz, plagioclase, 
oolitic packstone; (.03-.15mm), K-feldspar 
A-SR, limestone. 
808 (246.3)* 4 Fossiliferous silt-rich 35.7 quartz, plagioclase, 
oolitic packstone; (. 01- .15mm), I-M ...... 
N A-SR, bioturbation, limestone . \.0 
810 (247 .O)* 4 Fossiliferous peloid- 12.7 quartz, K-feldspar, 
bearing oolitic grainstone; smectite, unknown 
(.09-.4rrrn), SE-BL, limestone. 
870 (265.2)* 4 Fossiliferous peloid- 13.4 quartz, unknown 
bearing oolitic grainstone; 
(.06-.4mm), A-SR, limestone. 
903 (275.3)* 4 Fossiliferous peloid- 13. 5 quartz, I-M 
bearing silt-bearing oolitic 
grainstone; (. 09-. 3rrrn), A-SR, 
limestone. 
911 (277.7)* 4 Oolitic grainstone; 6.2 quartz, smect ite, 
( .09-.4mm), limestone. chlorite 
915 (279.0)* 4 Fossiliferous peloid- 11. 2 quartz, smect i te, 
bearing oolitic grainstone; chlorite 
( • 06- . 5rrrn) , limestone. 
921 (280.8)* 4 Fossiliferous oolitic 49.5 quartz, plagioclase 
grainstone; ( .06-.45mm), 
limestone. 
970-1 (295.7)* 4 Fossiliferous ooid- 10.2 quartz, I-M 
bearing peloid-rich silt-rich 
packs tone; (. 03-. 24rrrn), A-SR, 
limestone. 
970-2 (295.7)* 4 Peloid-bearing oolitic 49.6 quartz, plagioclase, 
grainstone; (.008-.38mm), K-feldspar, 1-M 
S-SR, bioturbation, limestone. 
I-' 
w 
0 
Cottonwood Creek - Section 5 
Sample Section Rock Percent Insoluble Residue 
Number Name Insoluble Composition 
1 (0. 3) 5 · Moderately sorted silt-medium 83.5 quartz, plagioclase, 
sand, calcite cement, tourmaline I -M, smec t ite 
and hematite-bearing arkose; 
SA-SR, sandstone. 
2 (0. 6) 5 Moderately sorted silt-medium 89.2 quartz, plagioclase, 
sand, calcite cement, zircon, K-feldspar, I-M, 
tourmaline, magnetite, muscovite, smectite 
and hematite-bearing arkos·e; SA-SR, 
sm sutured contacts, sandstone. 
4 ( 1. 2) 5 Poorly sorted silt-coarse sand, 96.4 quartz, plagioclase, 
calcite and silica cement, zircon, K-feldspar 
tourmaline, hematite and chert-
bearing arkose; SA-SR, clay lenses, 
sandstone. 
6 (1.8) 5 Poorly sorted fine silt-medium 86.2 quartz, plagioclase, 
sand, calcite cement, hematite - K-feldspar, 
rich arkose; SA-SR, hematite I-M, smectite 
staining common, sandstone. 
9 (2.7) 5 Moderately sorted silt - coarse 95.3 quartz, plagioclase, 
sand, calcite cement, hematite, K-feldspar, smectite 
biotite, zircon and muscovite-
bearing arkose; SA-WR, sandstone. ,_. 
w 
,_. 
10 ( 3. 0) 5 Poorly sorted silt-coarse sand, 88.2 quartz, plagioclase, 
silica and hematite cement, K-feldspar 
tourmaline and zircon-bearing 
arkose; SA-WR, sutured contacts, 
sandstone. 
15 ( 4. 6) 5 Moderately sorted silt-fine 91. 7 quartz, plagioclase, 
sand, calcite cement, tourmaline, K-feldspar, I-M, 
zircon, magnetite, and hematite - smectite 
bearing arkose; SA-R, hematite 
intercalations, sandstone. 
22 ( 6. 7) 5 Moderately sorted silt-fine 88.2 quartz, plagioclase, 
sand, calcite cement, tourmaline, I-M, K-feldspar, 
zircon, magnetite, and hematite- smectite 
bearing arkose; SA-SR, sandstone. 
25 (7.6) 5 Poprly sorted silt-coarse sand, 93.7 quartz, plagioclase, 
calcite cement, muscovite, tourmaline, smectite 
zircon., magnetite and hematite-
bearing arkose; SA-WR, sutured 
contacts, sandstone. 
31 (9. 4) 5 Poorly sorted silt-medium sand, 90.9 quartz, plagioclase, 
calcite and hematite cement, K-feldspar, I-M, 
metamorphic rock fragment, volcanic smect ite 
rock fragment, tourmaline, zircon, 
muscovite, .and hematite-bearing 
arkose; SA-WR, sutured contacts, 
sandstone. 
34 (10.4) 5 Poor-moderately sorted silt- 88.7 quartz, plagioclase, 
medium sand, hematite and calcite K-feldspar, I-M 
cement, zircon, magnetite and 
muscovite-bearing arkose; SA-R, ....... 
w hematite and clay lenses, sandstone. N 
41 (12.5) 
42 ( 12. 8) 
44 ( 13. 4) 
45 (13.7) 
100 (30.5) 
101 (30.8) 
102 (31.1) 
103 (31.4) 
106 (31.7) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
Poorly sorted silt-coarse sand, 74.4 
calcite cement, tourmaline, biotite, 
zircon, magnetite and hematite-
bearing arkose; SA-WR, sandstone. 
Poorly sorted silt-coarse sand, 
calcite and micrite cement, 
muscovite, zircon, and magnetite-
bearing chert-rich lithic arkose; 
SA-R, vuggy, bioturbation, sandstone. 
Mudstone; vuggy, micrite 5.6 
hematite stained, limestone. 
Mudstone; vuggy, limestone. 3.8 
Intraclast-bearing silt-bearing 23. 1 
mudstone; (.02-.75mm), SA-SR, 
SE-BL, bioturbation, limestone. 
Siltstone; micritic, (.02-.28mm) 64.2 
A-SR, sm vugs filled with 
authigenic quartz, siltstone. 
Mudstone breccia; (.4-l.02mm), 34.9 
clyst, clyst-sltst and ls clasts, 
A-SA, bioturbation, limestone. 
Mudstone; trace of quartz, 13. 7 
hematite, biotite, muscovite , 
and calcispheres, (.008-.03mm), 
A-SR, wispy laminations, limestone. 
Peloid-bearing silicified 
mudstone; sm peloids altered to 
opal, bioturbation, chert. 
88.7 
quartz, plagioclase, 
K-feldspar 
smectite, unknown 
quartz, unknonw 
quartz, plagioclase 
quar tz, plagioclase 
quartz, plagioclase, 
smectite 
quartz, plagioclase, 
I-M, chlorite 
quartz, plagioclase, 
smectite ,-, w 
w 
107 (32.0) 5 Hematite-bearing si licified 97.6 quartz, plagioclase, 
mudstone; wispy laminations , chert. K-feldspar, smectite 
113 (34.4) 5 Pellet-rich siltstone; 75.8 quartz, plagioclase, 
(.008-.56mm), A-SR, smectite 
siltstone. 
114 ( 34. 7) 5 Fossiliferous crinoid-bearing 38.8 quartz, plagioclase, 
silt-rich oolitic packstone ; smectite 
( .0l-.28ITTTI), SA-SR, limestone. 
117 (35.7) 5 Pellet-rich siltstone; 70.3 quartz, plagioclase, 
(.009-.56rrm), A-SR, 1-M 
siltstone. 
119 ( 36. 3) 5 Fossiliferous silt-bearing 18.7 quartz, plagioclase, 
oolitic grainstone; (.03-.35mm), smectite 
SA-SR, limestone. 
124 (37.8) 5 Fossiliferous intraclast- 30.9 quartz, plagioclase, 
bearing silt-rich oolitic smectite 
grainstone; {.0l-.5ITTTI), SA-SR, 
bioturbation, limestone. 
137 ( 41. 8) 5 Fossiliferous peloid-bearing 31.2 quartz, plagioclase, 
pelecypod-bearing silt-rich smect ite 
oolitic grainstone; (. 01-. 26ITTTI), 
SA-SR, limestone. 
140 (42.7) 5 Fossiliferous silt-rich 26.9 quartz, unknown 
oolitic packstone; (. 02-. 38ITTTI), 
SA-SR, limestone. 
,_. 
w 
+:> 
142 (43.3) 5 
162 (49.4) 5 
165 (50. 3) 5 
170 (51.8) 5 
183 (55.8) 5 
185 (56.4) 5 
200 (61.0) 5 
208 (63.4) 5 
Well sorted fine silt-very 64.9 
fine sand, calcite cement, pellet, 
biotite, zircon and muscovite-
bearing subarkose; A-SR, sandstone. 
Fossiliferous silt-rich peloid- 18.6 
rich crinoid-rich pelecypod-rich 
packstone; (.02-l.3mm), SA-SR, 
limestone. 
Fossiliferous gastropod- 37.2 
bearing intraclast-bearing 
silt-rich crinoid-rich pelecypod-
rich packstone; (.01-.85mm), A-SR, 
limestone. 
Fossiliferous crinoid-bearing 30.8 
silt-bearing mudstone; (.0l-.07mm), 
SA-SR, bioturbation, limestone. 
Fossiliferous silt-rich 44.1 
mudstone; (.03-.5lmrn), A-R, 
bioturbation, limestone. 
Fossiliferous pelecypod- 11.1 
bearing gastropod-rich crinoid-
rich wackestone; limestone. 
Fossiliferous silt-rich 
mudstone; (.01-.3lmm), SA-SR, 
limestone. 
Fossiliferous pelecypod-
bearing pellet-rich silt-rich 
wackestone; (.06-.22), A-SR, 
limestone. 
31. 3 
quartz, plagioclase, 
K-feldspar, smectite 
quartz, plagioclase, 
K-feldspar 
quartz, plagioclase, 
K-feldspar, I-M, 
smectite 
quartz, plagioclase, 
I-M, unknown 
quartz, plagioclase, 
I-M 
quartz, plagioclase, 
I-M 
quartz, plagioclase, 
chlorite 
,_. 
w 
U1 
210 (64. 0) 5 Fossiliferous pellet- 25.3 quartz, plagioclase, 
bearing silt-bearing wackestone; 
( .05-.22nm), A-SR, limestone. 
285 (86.9) 5 Fossiliferous silt-bearing 30.2 quartz, 1-M 
mudstone; (.06-.15nm), bioturbation, 
limestone. 
334 (101.8) 5 Fossiliferous silt-bearing 29.5 quartz, plagioclase, 
mud stone; ( .008-.04mm), SA-SR, 1-M 
bioturbation, (SEM), limestone. 
380 (115.8) 5 Fossiliferous mudstone; trace 10.3 quartz, plagioclase, 
of quartz, hematite and pyrite, I-M 
(.008-.04mm), A-R, bioturbation, 
limestone. 
400 (121.9) 5 Fossiliferous mudstone; trace 23.5 quartz, plagioclase, 
of quartz, pyrite and hematite, I-M 
SA-SR, limestone. 
458 ( 139. 6) 5 Fossiliferous silt-bearing 15.8 quartz, plagioclase, 
mud stone; (.l-.2lmm), A-SR, K-feldspar, 1-M 
bioturbation, limestone. 
462 (140.8) 5 Silt-bearing mudstone; 
(.01-.19nm), SA-SR, limestone. 
471 (143.6) 5 Silt-rich mudstone; 50.3 quartz, plagioclase, 
(.Ol-.19nm), A-SR, limestone. I-M 
503 (153.3) 5 Silt-rich mudstone; 35.4 quartz, plagioclase, 
(.Ol-.13nm), A-SR, bioturbation, K-feldspar, I-M 
limestone. 
I--' 
w 
CJ) 
511 (155.8) 5 Fossiliferous intraclast- 40.1 quartz, plagioclase, 
bearing ooid-rich silt-rich I -M, smec t ite 
packs tone; (.01-l.5rrm), SA-SR, 
SE-BL, limestone. 
512 ( 156. 1) 5 Fossiliferous silt-bearing 15.8 quartz, p 1 ag ioc 1 ase, 
peloid-bearing oolitic packstone; smect ite 
(.04-.38rrm), A-SR, limestone. 
524 (159.7) 5 Ooid-bearing silt-rich 40.3 quartz, plagioclase, 
pellet-rich packstone; smectite 
(.01-.17mm), SA-SR, limestone. 
576 (175.6) 5 Pellet-rich siltstone; 67.7 quartz, plagioclase, 
(.01-.12mm), A-SR, K-feldspar, I-M 
siltstone. 
594 (181.1) 5 Fossiliferous silt-bearing 14.2 quartz, smectite, 
mud stone; (.01-.12mm), A-SR, unknown 
limestone. 
615 ( 187 • 5) 5 Fossiliferous pyrite- 17.9 quartz, plagioclase, 
bearing silt-bearing mudstone; I-M 
(.Ol-.12mm), SA-SR, 
bioturbation, limestone. 
620 (189.0) 5 Fossiliferous pelecypod- 11.8 quartz, plagioclase, 
bearing mudstone; (.01-.06mm), I -M, smec t ite 
SA-SR, bioclastic intercalations, 
limestone. 
685 (208.8) 5 Fossiliferous ooid-bearing 10.5 quartz, plagioclase, 
crinoid-bearing wackestone; I-M, smectite 
( . 01-. 7rrm) , SA-SR, limestone. 
...... 
w 
-.....J 
696 (212. 2) 
704 (214.6) 
708 (215.8) 
711 (216.8) 
738 (225.0) 
745 (227.1) 
775 (236.3) 
790 (240.8) 
820 (250.0) 
901 ( 27 4. 7) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
Silt-rich mudstone; 
(.008-.12mm), SA-SR, limestone. 
Mudstone; trace of quartz and 
hematite, limestone. 
Fossiliferous peloid-
bearing oolitic packstone; 
(.01-.7rnm), SA-SR, limestone. 
Silt-rich mudstone; 
(.01-.07mm), A-SR, silt 
intercalations, limestone. 
Silt-rich mudstone; 
(.008-.lmm), SA-SR, limestone. 
Silt-bearing mudstone; 
(.01-:lmm), SA-SR, limestone. 
Pellet-bearing silt-rich 
mudstone; SA-SR, bioturbation, 
limestone. 
Mud stone; (SEM), limestone. 
Fossiliferous silt-rich 
mudstone; (.008-.12mm), 
SA-SR, bioturbation, limestone. 
Peloid-bearing pelecypod-
bearing crinoid-rich 
wackestone; bioclastic 
intercalations, limestone. 
26.0 
17.0 
9.4 
26.3 
36.6 
quartz, plagioclase, 
K-feldspar, I-M, 
smectite 
quartz, plagioclase, 
1-M, smectite 
quartz, plagioclase, 
1-M, smectite 
quartz, plagioclase, 
1-M, smectite 
quartz, plagioclase, 
1-M, smect ite 
....... 
w 
co 
922 (281.1) 5 Fossiliferous oolitic 
grainstone; ( .12-. 43mm) , 
limestone. 
941 (286.9) 5 Fossiliferous silt-rich 36.8 quartz, plagioclase, 
mud stone; (.008-.17mm), SA-SR, I-M 
bioturbation, limestone. 
1025 (312.5) 5 Fossiliferous silt-bearing 
mudstone; (.008-.lmm), SA-SR, 
bioturbation, calcite veins, 
limestone. 
1052 (320.7) 5 Silt-bearing mudstone; 
(.008-.11mm), SA-SR, 
bioturbation, calcite veins, 
limestone. 
1191 (363.1) 5 Fossiliferous pelecypod- 17.1 quartz, plagioclase, 
bearing ooid-bearing silt- I-M 
bearing crinoid-rich packstone-
grainstone; (.01-.34mm), SA-SR, 
limestone. 
1192 (363.4) 5 Fossiliferous pellet-
bearing silt-rich mudstone; 
(.009-.lmm), SA-SR, bio-
turbation, limestone. 
1200 (365.8) 5 Fossiliferous siltstone; 62.0 quartz, plagioclase, 
(.01-.35mm), SA-R, K-feldspar, I-M 
micrite intercalations, 
siltstone. 
I-' 
w 
'-.0 
1213 (369.8) 5 Peloid-bearing siltstone; 70.6 quartz, plagiclase, 
(.01-.22rnm), A-SR I -M, smect i te 
siltstone. 
1223 (372.9) 5 Pellet-bearing siltstone; 67.5 quartz, plagioclase, 
(.01-.15mm), A-SR, K-feldspar, I-M 
siltstone. 
1237 (377.1) 5 Pellet-bearing siltstone; 66.1 quartz, plagioclase, 
micritic, ( .0l-.15rnm), I-M 
A-SR, siltstone. 
1280 (390.2) 5 \~e 11 sorted silt-fine 67.0 quartz, plagioclase, 
sand, calcite cement, volcanic K-feldspar, I-M, 
rock fragment, muscovite, zircon, smectite 
biotite, chert, hematite and 
peloid-bearing arkose; SA-SR, 
sm sutured contacts, sandstone. 
1290 (393.3) 5 Well sorted silt-fine 72. 4 quartz, plagioclase, 
sand, calcite cement, volcanic I-M 
rock fragment, tourmaline, 
muscovite, biotite, magnetite, 
peloid and hematite-bearing 
chert-rich lithic arkose; 
A-SR, sand stone. 
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Explanation 
Limestone 
Silty Limestone 
Sands tone 
Silts tone 
Covered, float present 
Characteristic Features 
Presence of particular features ,is indicated by solid areas. 
For exact constituent percentages, consult Appendix C 
Abbreviations 
B = Mudstone Breccia 
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Sample Interval 
in meters 
635.7-597.6 
597.6-544.2 
544.2-388.7 
388.7-385.7 
385.7-303.3 
303.3-300.3 
Section 1 
Location: Leeds Creek, north side, Sec. 30, 
T. 23 N., R. 118 W., Lincoln 
County, Wyoming 
Pruess Sandstone 
Gradational contact 
Twin Creek Limestone 
143 
Thickness 
in meters 
Limestone, light gray (N7) to grayish 
orange (l0YR 3/4), silty, oolitic, 
current ripples on bedding surfaces beds range 
from 1.25-l0cm, flaser bedding evident in 
darker gray beds, exposures form cliffs ••.......• 38.1 
Limestone, light ·olive gray (SY 6/1) 
to olive gray (5Y 2/1), splintery, 
horizontal bedding, beds range 
from 31-63mn, becoming siltier 
at the top, exposures form steep 
and barren slopes .••...•.•.•••...•...•............ 53.4 
Limestone, as above, spotty outcrops, 
steep and barren slopes •.•...•..........•......... 155.5 
Limestone, olive gray (SY 4/1), splintery, 
horizontal bedding, beds range from l.25-2.2cm, 
bioturbation, exposures form steep slopes •.•.•...• 3.0 
limestone, light olive gray (5Y 6/1) to 
olive gray (SY 4/1), spotty outcrops, splintery, 
form steep and barren slopes... . . . • • . • • . . • . . . . . . • . 82. 4 
Limestone, pale yellowish brown (l0YR 6/2) to 
olive gray (5Y 4/1), becoming silty, 
horizontal bedding, ripple bedding in part, beds 
range from 0.63-Scm, feeding traces on bedding 
surfaces, exposures form steep and barren slopes .• 3.0 
300. 3-291. 2 
291.2-285.0 
285.0-276.0 
276.0-266.8 
266.8-253.0 
253.0-247.9 
247.9-247.0 
247.0-237.8 
Limestone, light olive gray (5Y 6/1) to 
olive gray (5Y 4/1), splintery, some silty 
lenses, horizontal bedding, beds range from 
0.63-5.0cm, exposures form steep and 
barren slopes ..................................... 9.1 
Limestone, light olive gray (5Y 6/1) to 
olive gray (5Y 4/1), becoming less silty, beds 
range from 0.3-2.5cm, increasingly splintery, 
exposures form steep and barren slopes ......••..•. 6.2 
Limestone, light olive gray (5Y 6/1) to 
olive gray (5Y 4/1), silty in part, some 
sym~etrical current ripples on bedding 
surfaces, beds range from 0.3-3.0cm, 
horizontal bedding, splintery in part, 
exposures form steep and barren slopes ••..•...••.. 9.0 
Limestone, 1 ight olive gray (5Y 6/1) to 
olive gray (5Y 4/1), silty lenses, wavey 
laminations, beds range from 0.3-2.5cm, 
splintery, bioturbation, exposures form 
steepand barren slopes .......................... 9.2 
Limestone, light olive gray (5Y 6/1) to 
olive gray (5Y 4/1), becoming splintery, beds 
range from 0.3-1.25cm, horizontal bedding, 
exposures form moderate and barren slopes ...•.•••. 13.8 
Limestone, pale yellowish brown (lOYR 4/2) to 
light olive gray (5Y 6/1), silty to silt-rich 
in part, symmetrical current ripples evident on 
bedding surfaces in silty beds, beds range from 
0.66-2.5cm, exposures form steep slop~s •.......... 5.1 
Limestone, light gray iN7) to light olive 
gray (5Y 6/1), becoming silt-rich, beds range 
from 0.63-2.5cm, hvrizontal bedding, 
exposures form steep slopes .••.....•.•..•••.•..•.. 0.9 
Limestone, olive gray (5Y 4/1), becoming 
silty, horizontal bedding, splintery, 
beds range from 0.3-l.25cm, some olive black 
(5Y 2/1) beds range from 10.0-15.0cm, 
exposures form moderate slopes .•...•........•..... 9.2 
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237.8-228.6 
228.6-225.6 
225.6-184.4 
184.4-166.8 
166.8-164.6 
Limestone, dark gray (N3) to olive gray 
(5Y 4/1), splintery, horizontal bedding, 
beds range from 0.3-l.25cm, at 231.7m 
becoming thicker bedded ranging from 
15.0-20cm and intercalated with thin beds, 
exposures form moderate slopes •..•..•......•....•. 9.2 
Limestone, olive black (5Y 2/1) to olive 
gray (5Y 4/1), horizontal bedding, splintery, 
beds range from 0.3-l.25cm, bioturbation, 
exposures form moderate slopes •.••.•..••.•.•.•..•• 3.0 
Limestone, medium dark gray (N4) to 
olive gray (5Y 4/1), horizontal bedding, 
fossiliferous in part, beds range from 
2.5-60.0cm, bioturbation, calcite veins, 
0.3-3.75cm pale reddish brown (l0R 5/4) 
beds with wavey bedding throughout upper 
portions, exposures form cliffs ................... 41.2 
Covered to contact with cliff-forming 
lime stone ........ _ ............ Q •••••••••• 0 •••••••• 17 .6 
Siltstone, pale red (l0R 6/9) to pale reddish 
brown (l0R 5/4), oolitic in part, beds range 
from 15.0-27.Scm, some asymmetrical current 
ripples on bedding surfaces, poor exposures 
form moderate slopes ••.••..•..•....•.••.. • .....•.. 2. 2 
164.6-147.0 Covered with reddish and yellow soil •...•....•...•. 17.6 
147.0-105.0 Limestone, pale yellowish brown (l0YR 6/2) 
105.0-61.0 
61. 0-53. 4 
53.4-39.6 
to olive gray (5Y 4/1), silty and oolitic 
in part, splintery, horizontal bedding, 
beds range from l.25-17.5cm, exposures form 
low slopes ......................................... 42.0 
Covered with pale yellowish brown (l0YR 6/2) 
splintery float .................................... 44.0 
Limestone, medium dark gray (N4) to olive 
black (5Y 2/1), horizontal bedding, beds 
range from 15.0-30.0cm, some 0.30cm 
intercalations, exposuresformlow cliffs .......... 7.6 
Covered, limestone, medium dark gray (N4) 
float .............................................. 13.8 
145 
39.6-29.0 
29.0-0.0 
Limestone, brownish black (5YR 2/1) to 
olive gray (5Y 4/1), oolitic, fossiliferous, 
horizontal bedding, beds range from 15.0-
30.0cm, brecciated in part, exposures 
146 
form low cliffs .................................... 10.6 
Covered with limestone, chert and siltstone float 
ranging from grayish red (lOYR 4/2), grayish orange 
to brownish gray (5YR 4/1), red soil. ••••.••••.••.• 29.0 
Contact covered with red soil 
Nugget Sandstone 
Total 635.7 
GS1-5 
0 
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STRATIGRAPHY 
SAMPLE No. 
(I) 
m 
0 
..... -i 
0 
z 
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Section 2 
Location: Sliderock Creek, north side, Sec. 10, T. 25 N., 
R. 118 W., Lincoln Co. Wyoming 
Preuss Sandstone 
Gradational contact 
Twin Creek Limestone 
Siltstone, dark yellowish brown (lOYR 4/2) 
to dark yellowish orange (lOYR 6/6), 
current ripple bedding, asymmetrical current 
ripples on bedding surfaces, beds range 
0.31-1.Jcm, feeding traces on bedding 
surfaces common, calcite veins, exposures 
Thickness 
in meters 
form cliffs ....................................... 4. 3 
Siltstone, moderate yellowish brown (lOYR 5/4) 
to pale yellowish brown (lOYR 4/2), wavey 
bedding, horizontal bedding, beds range from 
0.31-l.25cm, exposures form cliffs ................ 12.2 
Limestone, dark gray (NJ), fossil hash with 
crinoid, echinoid and pelecypod fragments, 
bed averages 12.5cm, horizontal bedding, 
exposures form cliffs ......•.............•.......• 0.3 
Limestone, medium gray (N5) to olive gray 
(SY 4/1), splintery, becoming increasingly 
silty, beds range from 0.31-l.25cm, 
horizontal bedding, grading into siltstone, 
moderate yellowish brown (lOYR 5/4), 
oolitic in part, horizontal bedding, 
exposures form steep and barren slopes ..••.•...... 18.3 
Limestone, medium gray (NS) to olive gray 
(5Y 4/1), splintery, horizontal bedding, 
beds range from 0.31-10.0cm, becoming siltier 
up-section, exposures form steep and barren 
slopes ............................................ 175.0 
Limestone, dark gray (NJ), fossil hash 
horizontal bedding, bed averages 25.0cm, 
resistant to weathering .•..•...•.....•.•...•...•.. 0.3 
306.1-291.1 
291.1-290.8 
290.8-289.3 
289.3-281.7 
281.7-268.0 
268.0-261.9 
261.9-200.9 
200.9-155.5 
155.5-140.2 
Limestone, dark gray (N3), splintery, 
horizontal bedding, beds range from 0.31-
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10.0cm, exposures form steep and barren slopes .... 15.0 
Limestone,dark gray (N3), crinoidal hash, 
horizontal bedding, resistant to weathering ....... 0.3 
Limestone, dark yellowish brown (lOYR 4/2), 
silty, current ripple bedding, feeding 
traces on bedding surfaces, beds range 
from 0.31-1.25cm, exposures form step 
and barren slopes •.••••••.•••.••.••••.••.•..••..•• 1.5 
Limestone, medium dark gray (N4) to 
dark yellowish brown (lOYR 4/2), splintery, 
horizontal bedding, wavey laminations, 
silty in part, beds range from 0.31-l.25cm, 
intercalations of silty and less silty 
beds, exposures form steep and barren 
slopes ............................................ 7.6 
Limestone, olive black (5Y 2/1) to dark 
yellowish brown (lOYR 4/2), splintery, 
silty in part, horizontal bedding, beds 
range from 0.31-2.5cm, exposures form 
steep and barren slopes .•••..••.•.••.••••.••.••.•. 13.7 
Limestone, dark yellowish brown (lOYR 4/2}, 
to grayish orange (lOYR 7/4), very silty, 
current ripple bedding, beds range from 1.25-
20.0cm, resistant to weathering, exposures 
form steep slopes •...••.••...•...........•.•...... 6.1 
Limestone, brownish black (5YR 2/1) to 
olive gray (5Y 4/1), splintery, horizontal 
bedding, lenticular bedding in part, beds 
range from 1.25-5.0cm, bioturbation, at 
202.4m silty intercalations, exposures 
form steep and barren slopes •........•••...•.••..• 61.0 
Limestone, olive black (5Y 2/1) to dusky 
yellowish brown (lOYR 2/2), dense, horizontal 
bedding, beds range from 0.63-60cm, 
fossiliferous with most pelecypods convex up, 
oolitic, silty and oolitic beds ranging from 
0.63-3.0cm are common up-section, bioturbation, 
exposures form cliffs ••••.•.•.•....•••..•......•.. 45.4 
Siltstone, dark yellowish brown (lOYR 4/2) 
to moderate yellowish brown (lOYR 5/4), 
ripple bedding, flaser bedding in part, 
oolitic in part, beds range from 0.31-
1.25cm, exposures form moderate slopes .....••..... 15.3 
140.2-47.2 
47.2-19.8 
19.8-9.1 
9.1-0.0 
Limestone, olive black (5Y 2/1) to olive 
gray (SY 4/1), splintery, horizontal 
bedding, silty in part, beds range from 
0.31-1.25cm, at 105.5m fossil hash averaging 
0.31cm with pelecypod and echinoid fragments, 
some pyrite inclusions evident, exposures 
152 
form moderate slopes ..•...•....•.•..•.•..•......•. 93.0 
Limestone, dark gray (N3) to brownish black 
(5YR 2/1), dense, horizontal bedding, oolitic, 
brecciated in part, beds range from 1.25-5cm, 
stylolites, exposures form steep slopes •..•......• 27.4 
Sandstone, pale red (l0YR 6/2) to light 
brown (5YR 6/4), horizontal bedding, 
some planar cross-bedding, beds range 
from 5.0-60.0cm, at 15.2m becoming finer 
grained grading into a siltstone~ exposures 
very resistant ................. . .................. 10.7 
Covered, ~ed soil .•.......... • ... • .•..... • .. • ..... 9.1 
Contact covered with red soil 
Nugget Sandstone 
Total 516.5 
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Sample Interval 
in meters 
364.3-359.7 
359.7-35 7.3 
357 .3-356. 7 · 
356.7-340.0 
340.0-319.5 
319.5-286.6 
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Section 3 
Location: La Barge Creek, NWl/4 Sec. 16 and NEl/4 Sec. 
17, T. 27 N., R. 115 W., Sublette County, 
Wyoming 
Pruess Sandstone 
Gradational contact 
Twin Creek Limestone 
Limestone, olive gray (5Y 4/1) to grayish 
red (5R 4/2), splintery, silty in part, 
horizontal bedding, beds range from 0.25-
7.5cm, some current ripple bedding, feeding 
traces on bedding surfaces, exposures form 
Thickness 
in meters 
steep and barren slopes •. ••••.. . ..•.•. . ....• •. . . .. 4.6 
Siltstone, medium light gray (N6) to pale 
red (l0R 6/2), current ripple bedding, 
syrrmetrical current ripples on bedding surfaces, 
beds range from 2.5-7.5cm, exposures resistant 
to weathering ...........•...•..•.......•......•... 2.4 
Covered, siltstone and silty limestone float .••.•• 0.6 
Limestone, olive black (5Y 2/1) to medium 
light gray (N6), splintery, horizontal 
bedding, intercalations of crinoid-hash 
beds averaging 1.90cm, becoming silty at 
346.0m, beds range from l.90-7.5cm, 
exposures form steep and barren slopes ....••••...• 16.7 
Limestone, olive black (5Y 2/1), splintery, 
silty lenses in part, horizontal bedding, 
current ripple bedding in part, beds range from 
2.5-20.0cm, intercalations of fossiliferous 
pelecypod-rich beds averaging 20.0cm, 
exposures form steep and barren slopes ......•.•..• 20.5 
Covered, limestone, medium gray, splintery float.. 32.9 
286.6-284.7 
284.7-283.5 
283.5-279.0 
279.0-250.0 
250.0-202.1 
202.1-183.0 
183.0-179.9 
179.9-173.2 
173.2-169.2 
Limestone, olive black (5Y 2/1) to pale 
yellowish brown (lOYR 6/2), silty, current 
ripple bedding, planar cross-bedding in part, 
horizontal bedding in part, beds range from 
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2.5-7.5cm, feedtng traces on bedding surfaces, 
exposures form moderate slopes •••...•.•..•....•... 1.9 
Limestone, dark gray (N3) to dark yellowish 
brown (lOYR 4/2), fossiliferous, horizontal 
bedding, beds range from 20.0-2S.Ocm, 
exposures form steep slopes •.•.•..••.••..••••••.•• 1.2 
Limestone, olive black (5Y 2/1) to grayish 
black (N2), silty in part, horizontal bedding, 
flaser bedding in part, beds range from 0.1S-
1.25cm, oolitic in part, exposures form 
moderate and barren slopes •..•.• • ••.•.••••••••.•• 4.5 
Limestone, olive black (SY 2/1) to olive 
gray (SY 4/1), splintery, crinoid-hash 
lenses in part, beds r ange from 0.31-2 . 5cm, 
exposures form moderate and barren slopes .....• . .. 29.0 
Limestone, olive black (SY 2/1) to dark 
yellowish orange (lOYR 6/6), dense, oolitic 
in part, horizontal bedding, some small scale 
planar cross-bedding, fossiliferous, pelecypod-
rich, minor intraclasts, silty in part, beds 
range from 0.63-75.0cm, exposures form cliffs •..•. 47.9 
Limestone, olive black (5Y 2/1), dense, 
oolitic, fossiliferous, pelecypod-rich, 
silty in part, horizontal bedding, beds 
range from 2.5-75.0cm, exposures form cliffs ••..•• 19.1 
Limestone, light olive gray (5Y 6/1) to olive 
black (5Y 2/1), silty, oolitic in part, 
horizontal bedding, fossiliferous, beds range 
from 0.63-2.5cm, exposures form cliffs •.•.....•... 3.1 
Limestone, olive gray (5Y 4/1) to light 
olive gray (SY 6/1), dense, very fossiliferous, 
pelecypods display random orientation, beds 
average 90cm, exposures form cliffs .••••••.......• 6.7 
Limestone, olive black (5Y 2/1) to olive 
gray (5Y 4/1), horizontal bedding, 
fossiliferous laminae present, oolitic, 
silty in part, beds range from 10.0-15.0cm, 
exposures form cliffs ••••...••••.••.........•.•..• 4.0 
169.2-155.5 
155.5-146.3 
146.3-138.7 
138.7-90.0 
90.0-54.2 
54.2-36.0 
36.0-22.9 
22. 9-6. 1 
Limestone, olive black (5Y 2/1), dense, 
oolitic, horizontal bedding, fossiliferous, 
silty in part, beds range from 0.63-17.5cm, 
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exposures form cliffs •...•...•.................... 13.7 
Limestone, olive black (5Y 2/1) to light 
olive gray (5Y 6/1), becoming increasingly 
silty, current ripple bedding, horizontal 
bedding in part, silty lenses present, beds 
range from 1.25-5.0cm, exposures form 
moderate slopes •••.••..•••.•••••.•••••..•. ••.••.•• 9.2 
Limestone, olive black (5Y 2/1) to light 
olive gray (5Y 6/1), oolitic, fossiliferous, 
silty, beds range fro 1.25-5.0cm, exposures 
form moderate slopes •••...•.•.•.••••....•..•.....• 7.6 
Limestone, olive black (5Y 2/1) . to dark 
gray (N3), splintery, intercalations of 
beds averaging 0.31cm with beds averaging 
17.0cm, horizontal bedding, at 97.6m beds thicken 
to 37.0cm and contain pyrite inclusions, at 108.2m 
crinoid and oolitic bed averaging 20.0cm is 
present, at 134.lm becoming siltier up 
section, at 138.7m fossil hash (pelecypod-
rich) averaging 17.5cm is present, most of 
the pelecypods are convex up, current ripple 
laminations, exposures form moderate slopes .... . .. 48.7 
Covered, limestone, olive black (5Y 6/1), 
oolitic, and splintery limestone float ............ 35.8 
Limestone, olive black (5Y 6/1) to dark 
gray (N3), dense, oolitic, horizontal 
bedding, beds range from 15.0-30.0cm, 
exposures form cliffs •.••..•.•.•.•....•..•..•...•• 18.2 
Covered, siltstone, grayish orange (l0YR 7/4), 
float ............................................. 13.1 
Limestone breccia, grayish orange pink 
(5YR 7/2) to pale yellowish brown (l0YR 6/2), 
angular clasts ranging from 0.10-2.5cm, 
crude horizontal bedding, some current ripples 
on bedding surfaces, beds range from 1.25-
45.0cm, exposures form moderate slopes .•.•......•• 16.8 
6.1-0.0 Limestone, grayish red (SR 4/2) to grayish 
orange pink (5YR 7/2), silt-rich, current 
ripple bedding, horizontal bedding in part, 
beds range from 2.5-20.0cm, at 1.0m silt-rich 
limestone grading into a sandstone, moderate 
159 
orange pink (l0YR 7/4), bioturbation, exposures 
resistant to weathering •.••.•...•..••.•.•.•....... 6.1 
Sharp contact, 
Nugget Sandstone 
Total 364.3 
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Section 4 
Location: South Piney Creek, north side, Sec. 11, 
T. 29 N., R. 115 W., Sublette County, 
Wyoming 
Pruess Sandstone 
Red soil covered contact 
Twin Creek Limestone 
162 
Thickness 
in meters 
Limestone, olive black (SY 2/1), dense, 
oolitic, silty in part, current ripple 
bedding, feeding traces on bedding surfaces, 
beds range from 0.61-10.0cm, exposures form 
steep slopes and cliffs ....•.. . ................... 0.3 
Covered, limestone, dark gray (N3), float ......... 11.9 
Limestone, olive black (SY 2/1) , dense, 
oolitic, becoming siltier, horizontal 
bedding, beds range from 1.85-20.0cm , 
exposures form cliffs ..•..•..••.•.•.•............. 4.5 
Limestone, olive black (SY 2/1), dense, 
oolitic, horizontal bedding, beds range 
from 1.85-20.0cm, at 274.0m beds containing 
intraclasts are present and range from 
5.0-17.Scm, exposures form cliffs .•....•....... ~·· 15.3 
Covered, limestone, olive black (SY 2/1), float .•• 15.2 
Limestone, olive black (SY 2/1), oolitic, silty 
in part, horizontal bedding, beds range from 
15.0-60.0cm, exposures form cliffs ••.....•.•...... 1.9 
Limestone, olive black (SY 2/1), becoming 
splintery, horizontal bedding, flaser bedding 
in part, oolitic, beds range from 0.16-l.25cm, 
exposures form moderate and barren slope .....•.... 1.2 
Limestone, olive black (SY 2/1) to olive 
gray (SY 4/1), dense, silty, oolitic in part, 
horizontal bedding, wavey laminations, 
beds range from 1.25-45.0cm, exposures 
resistant to weathering and form low 
cl _iffs~ ......................................... .-. 10.7 
234.7-216.5 
216. 5-211. 6 
211.6-188.7 
188 • 7 -181. 4 
181.4-168.9 
168.9-158.0 
158.0-155.5 
Limestone, light olive gray (SY 5/2) to olive 
gray (5Y 3/2), very silty, oolitic, at 230.0m 
horizontal and planar cross-bedding, at 233.2m 
soft sediment deformation structures (convolute 
bedding) evident, some current ripple bedding 
in part, beds range from 0.63-30.0cm, feeding 
traces on bedding surfaces common, exposures 
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resistant to weathering and form low cliffs ••..... 18.2 
Limestone, olive black (SY 2/1) to light 
olive gray (5Y 5/2), dense, oolitic, 
silty in part, fossiliferous intercalation, 
horizontal bedding, silt-rich beds display 
current ripple bedding, some fossiliferous 
beds diplay current ripple and flaser 
bedding, at 211.7m chert nodules (averaging 
0.4nm in diameter) abundant in fossiliferous 
bed averaging 1.85cm, beds range from 0.31-2.5cm, 
feeding traces on bedding surfaces, exposures 
form moderate slopes •••.•..••.....•.••..•.•...••.• 4.9 
Limestone, olive black (SY 2/1) to olive 
gray (5Y 4/1), oolitic, fossiliferous, silty 
in part, horizontal bedding, current ripple 
bedding in part, beds range from 0.63-7.Scm, 
at 190.2m becoming splintery and silty, 
averaging 0.40cm, at 192.lm fossil hash beds 
averaging 17.5cm intercalated with silty 
beds ranging from 0.63-2.5cm, exposures 
form moderate and barren slopes •....••............ 22.9 
Covered, splintery limestone float ..••.•.•••.....• 7.3 
Limestone, olive black (5Y 2/1) to olive 
gray (SY 4/1), intercalations of very 
fossiliferous beds (ranging from 5.0-
20.0cm) with less fossiliferous beds 
(averaging 0.63cm), horizontal bedding, 
exposures form moderate slopes ••.•••...•.•.••..••. 12.5 
Limestone, olive black (5Y 2/1), splintery, 
silty in part, horizontal bedding, beds range 
from 0.15-5.0cm, exposures form moderate and 
barren slopes ..................................... 10.9 
Limestone, olive black (5R 2/1), dense, 
massive, oolitic in part, horizontal 
bedding, beds average 120.0cm, exposure 
resistant to weathering ..••..•.•••....•..•••...••• 2.5 
155.5-149.4 
149.4-147.6 
147.6-134.4 
134.4-129.6 
129.6-106.7 
106.7-105.2 
105.2-99.1 
99.1-67.7 
67.7-61.0 
Limestone, olive black (5Y 2/1), oolitic, 
fossiliferous, beds range from 37.5-60.0cm, 
some fossil hash (pelecypod-rich) intercalations 
averaging 2.5cm, exposures resistant to 
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weather in g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 1 
Limestone, olive black (5Y 2/1), oolitic 
becoming very fossiliferous (pelecypod and 
crinoid-rich), horizontal bedding, beds 
range from 1.25-2.5cm, exposures resistant 
to weathering ..•••.••••••••.•.••••.••..•.•.•.••.• 1.8 
Limestone, olive black (5Y 2/1) to dark 
yellowish brown (l0YR 4/2), oolitic in part, 
fossiliferous in part, silty in part, beds 
average 40.0cm, at 138.7m becoming silt-rich 
with wavey laminations (averaging 0.60cm), 
at 141.8m intercalations of silty beds 
(ranging from 0.15-2.5cm) with oolitic 
beds (averaging 3.75cm), exposures 
form cliffs ....................................... 13.2 
Limestone, olive gray (5Y 4/1) to yellowish 
gray (5Y 7/2), silt-rich, oolitic in part, 
current ripple bedding, lenticular bedding, 
horizontal bedding in part, beds range from 
0.63-10.0cm, becoming less silty up section, 
exposures form moderate slopes •••..... . ..••...... • 4.8 
Covered, some very silty limestone float •......... 22.9 
Limestone, yellowish gray (5Y 7/2), splintery, 
becoming less silty, beds range from 1.25-5.0cm, 
exposures form moderate and barren slopes ...•.•.•. 1.5 
Limestone, olive black (5Y 2/1) to yellowish 
gray (5Y 7/2), very silty in part, horizontal 
bedding in part, current ripple bedding in 
silty beds, bioturbation, beds range from 
l.25-7.5cm, spotty outcrops, exposures form 
moderate slopes ................................... 6.1 
Limestone, olive black (5Y 2/1) to olive 
gray (5Y 4/1), splintery, beds range from 
0.31-l.25cm, at 81.7m fossil hash (ranging 
from l.25-7.5cm) beds intercalated 
with silty (ranging from 0.15-2.5cm) beds, 
exposures form moderate slopes •.•••.......•...•••• 31.4 
Covered, limestone, dark gray (N3), oolitic, 
float ............................................. 6.7 
61. 0-48. 8 
48.8-29.0 
29.0-25.9 
25.9-19.8 
19.8-5.5 
5.5-1.0 
1.0-0.0 
Limestone, dark gray (N3) to olive gray 
(5Y 4/1), dense, oolitic, fossiliferous 
in part, some silty lenses, horizontal 
bedding, beds average 15.0cm, exposures form 
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low cliffs ........................................ 12.2 
Covered, red to yellow soil ..•.•...••....•..•••.•• 19.8 
Limestone breccia, medium light gray (N6), 
limestone angular clasts, beds average 
60.0cm, exposures form low cliffs ................. 3.1 
Covered, red soil ••.••.•••..••••••.••••••..•....•• 6.1 
Limestone, olive gray (5Y 4/1) to grayish 
orange (l0YR 7/4), brecciated in part, vuggy, 
crude horizontal bedding, some current ripple 
bedding at 6.7m, beds range from 1.25-40.0cm, 
calcite veins common, exposures form low cliffs ... 14.3 
Limestone, pinkish gray (5YR 8/1) to grayish 
orange (l0YR 7/4), vuggy in part, oolitic 
in part, horizontal bedding, current ripple 
bedding in part, beds range from 0.31-2.5cm, 
calcite veins, exposures form moderate slopes •..•• 4.5 
Sandstone, pale red (l0R 6/2), very fine 
grained, vertical burrow evident, beds 
range from 25.0-42.5cm, exposures resistant 
to weathering ..................................... 1.0 
Sharp contact 
Nugget Sandstone 
Total 295. 7 
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393.3-390.8 
390. 8-381. 4 
381.4-372.0 
3 72 • 0 -36 9 . 0 
369.0-362.8 
362.8-340.0 
Section 5 
Location: Cottonwood Creek, 2 miles east of Smoot, 
Wl/2 Sec. 36 and El/2 Sec. 35, T. 31 N., 
R. 118 W., Lincoln County, Wyoming 
Pruess Sandstone 
Gradational contact 
Twin Creek Limestone 
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Thickness 
in meters 
Limestone, light olive gray (SY 5/2), 
silt-rich, horizontal bedding, small 
scale planar cross-bedding in part, 
beds range l.00-2.5cm, feeding 
traces on bedding surfaces, exposures 
fa rm steep s 1 opes. . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . 2 . 5 
Limestone, light olive gray (SY 5/2), 
silt-rich, horizontal bedding, small 
scale planar cross-bedding in part, 
beds range from 0.31-l.85cm, exposures 
form steep and barren slope •.•..•......•..•...•.•. 9.4 
Limestone, olive gray (5Y 4/1), silt-rich, 
horizontal bedding, beds range from l.15-
2.75cm, current ripples on bedding surfaces, 
exposures form steep slopes ••.•.•.••..•.•••••••... 9.4 
Limestone, olive gray (5Y 4/1) to moderate 
yellowish brown (l0YR 5/4), silt-rich, 
current ripple bedding, horizontal bedding, 
beds range from 0.63-2.75cm, feeding traces 
on bedding surfaces, exposures form steep 
slopes ............................................ 3.0 
Limestone, grayish black (N2) to light 
olive gray (5Y 6/1), splintery in part, 
silty, fossiliferous in part, horizontal 
bedding, current ripple bedding 
and wavey bedding in silty beds, 
beds range from 0.31-3.0cm, exposures 
form steep and barren slopes .•...••.•........•.... 6.2 
Covered, limestone, splintery float •..•...•......• 22.8 
340.0-240.8 
240.8-225.0 
225.0-216.5 
216.5-214.6 
214. 6-179.0 
179.0-175.6 
175.6-156.0 
156.0-146.3 
146.3-143.1 
Limestone, olive black (SY 2/1) to olive 
gray (SY 4/1), splintery, fossiliferous 
and silty intercalations in part, 
horizontal bedding, beds range from 
0.30-5.0cm, exposures form steep and 
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barren slopes ••••••..•...•••.•.•••••.•....•...•.•• 99.2 
Limestone, olive black (SY 2/1), splintery, 
horizontal bedding, silty laminae in part, 
beds range from 0.60-2.7Scm, exposures 
form steep and barren slopes ..................... . 15.8 
Limestone, olive black (SY 2/1), splintery, 
silty in part, pyrite inclusions, horizontal 
bedding, beds range from 1.25-3.0cm, 
exposures form steep and barren slopes •••.••.•.... 8.5 
Limestone, olive black (SY 2/1) to olive 
gray (SY 4/1), oolitic in part, fossiliferous 
in part, silty laminae in part, horizontal 
bedding, beds range from 1. 25-4.0cm, 
exposures are more resistant to weathering ... . ..•. 1.9 
Limestone, olive black (SY 2/1) to light 
ol i ve gray (SY 6/1), oolitic in part, 
silty laminae in part, fossiliferous 
(pelecypod-rich) laminae in part, beds 
range from 2.0-7.Scm, vertical burrow 
evident, bioturbation, exposures form 
1 OW Cl if f S • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 35. 6 
Limestone, olive black (SY 2/1) to light 
olive gray (SY 6/1), silt-rich, horizontal 
bedding, beds range from 0.31-2.Scm, 
exposures form low cliffs .••..••..•..••...•.•...•. 3.4 
Limestone, olive black (SY 2/1) to dusky 
yellowish brown (lOYR 2/2), oolitic in part, 
silty in part, horizontal bedding, beds range 
from 1.25-7.Scm, exposures form low cliffs ...•...• 19.6 
Limestone, olive gray (SY 4/1) to light 
olive gray (SY 6/1), silt-rich, fossiliferous 
in part, oolitic in part, intercalations of 
silty and nonsilty beds, exposures form 
moderate slopes .................................. . 9.7 
Limestone, olive gray (SY 4/1) to light 
olive gray (SY 6/1), silt-rich, silty 
lenses in part, horizontal bedding, beds 
range from 1.25-2.Scm, exposures form 
moderate slopes ...•.••....••.•.•..••....•.•...•... 3.2 
143.1-70.1 
70.1-59.4 
59.4-50.3 
50.3-35.0 
35,0-34.4 
34.4-32.9 
32.9-32.3 
32.3-31.4 
Limestone, brownish black (5YR 4/1) to 
grayish black (N2), splintery, silty 
lenses in part, horizontal bedding, beds 
range from 0.30-5,0cm, exposures form 
170 
moderate and barren slopes •..•..•.•..•..••.•.•..•• 73.0 
Limestone, olive black (5Y 2/1) to grayish 
brown (5YR 3/2), splintery, silty lenses, 
fossiliferous in part, oolitic in part, 
horizontal bedding, beds range from 
0.63-7.5cm, exposures form moderate 
slopes ............................................ 10.7 
Limestone, grayish brown (5YR 3/2) to olive 
gray (5Y 4/1), splintery in part, silty in part, 
fossiliferous in part, horizontal bedding, beds 
range from 0.31-7.5cm, exposures form moderate 
slopes ............................................ 9.1 
Limestone, dark yellowish brown (lOYR 4/2) to 
medium light gray (N6), oolitic in part, dense, 
fossiliferous (pelecypod-rich) in part, 
horizontal bedding, beds range from 2.2-30cm, 
at 43.3m sandstone, light gray (N7), beds range 
from 2.5-15.0cm, at 41.8m flaser bedding 
is evident, exposures form low cliffs ••.•.•.••.. •• 15.3 
Limestone, dark yellowish brown (lOYR 4/2) 
to pale yellowish brown (lOYR 6/2), fossil 
hash (pelecypod and crinoid-rich), horizontal 
bedding, beds average 2.80cm, exposures form 
1 OW C 1 i ff S ••••••••••••••••••••••••••••••• , • • • • • • • • 0 • 6 
Limestone, dark yellowish brown (lOYR 4/2) 
to very pale orange (lOYR 8/2), silicified, 
wispy laminations, horizontal bedding, beds 
range from 5.0-25.0cm, exposures form 
moderate slopes •.......•.....•..•..•..••.....••... 1.5 
Limestone, greenish gray (5G 6/1) to 
light greenish gray (5G 8/1), silicified, 
wispy laminations, horizontal bedding, 
beds average 10.0cm, exposures form 
moderate slopes •••••..•.•..•••••.•..••••..•.•....• 0.6 
Limestone, grayish black (N2) to yellowish 
gray ( 5 Y 7 / 2 ) , s pl inter y in part , 
horizontal bedding, beds average 1.25cm, 
exposures form moderate slopes •.••...•.•••••..•..• 0.9 
31.4-31.1 
31.1-30.2 
30.2-14.6 
14.6-13.1 
13.1-4.5 
4.5-0.0 
Limestone breccia, dark yellowish brown 
(l0YR 4/2), angular claystone and limestone 
clasts averaging 2.0rrrn, horizontal bedding, 
beds average 7.5cm, exposures form moderate 
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slopes ............................................ 0.3 
Limestone, moderate dark yellowish brown 
(l0YR 5/4) to grayish orange (l0YR 7/4), 
silt-rich in part, wispy laminations, 
horizontal bedding, beds range from 5.0-
60.0cm, exposures form moderate slopes •••.•...••.• 0.9 
Covered ........................................... 15.6 
Limestone, pale brown (5YR 5/2) to pale 
yellowish brown (l0YR 5/4), vuggy, calcite . 
veins, crude horizontal bedding, beds range 
from 5.0-12.5cm, exposures form moderate 
slopes ............................................ 1.5 
Sandstone, pale reddish brown (l0R 5/4) to 
moderate brown (5R 3/4), very fine grained, 
horizontal bedding, beds range from 5.0-
25.0cm, exposures resistant to weathering ....•.••. 8.6 
Sandstone, grayish red (5R 4/2) to dark 
yellowish brown (l0YR 4/2), very fine 
grained, horizontal bedding, hard to 
soft, beds range from 2.5-6 . 0cm, exposures 
resistant to weathering •.•.•.••••....•.•.....•...• 4.5 
Sharp contact 
Nugget Sandstone 
Total 393.3 
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Data Matrix 
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175 
Explanation 
The proportions of each variable are listed for all the analyzed 
samples. The variables (001-041) are identified in Table 2. 
Abbreviations 
L = Leeds Creek 
SR = Sliderock Creek 
SP = South Piney Creek 
LB = LaBarge Creek 
cc = Cottonwood Creek 
(i.e., CCl = Cottonwood Creek sample one(ft)) 
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• DATA l<ATRll •••• 
LI L2 LJ L4 LS L103 LllO Lll8 L120 Ll /5 L200 L2l0 
001 0.0000 0.0000 0.0000 0 .0 000 0. 0000 0 . 5500 0 .320 0 O.lOUO 0. 3000 0. 0000 0.0 000 0.0000 
002 0.0000 0.0100 0.0000 0.00 00 0.0000 0.0300 0 .0500 0.0600 0.060 0 0 .00 00 0.0000 0 .0000 
003 0. 0000 0.0000 0.00 00 0.0 000 0 .000 0 0.0000 0.0000 0. 0000 0 . 0000 0 .000 0 0.0 000 0.0000 
004 0.0000 0. 0000 0 .0000 0 .0000 0. 0000 0 .0000 0 . 0100 0.04 U0 0.04 00 0. 0000 0. 0000 0 .000 0 
005 0 .0000 0.0 lOO 0. 0000 0.0000 0 .0000 0. 0000 O.Ol OO 0 .0200 0. 0200 0.0200 0 . 0400 0.0000 
i)Jb 0.0000 0.000 0 0.0000 0. 0000 0 .0000 0.00 00 0.06 00 0. 0000 0 .0000 0 .000 0 0.03 00 0 .0000 
007 0 .000 0 0.0000 0. 0000 0.0000 0 .0000 0.0 100 0 . 0100 0. 0400 o .o •oo O.OOGO 0. 0400 0 .0000 
008 0. 0000 0 .0000 0 .000 0 0 .0000 0 .0000 0 .0000 0.0100 0. 0000 0 .000 0 0 .0000 0.0 030 0 .0000 
009 0. 0000 0 .0000 0. 0000 0 .0000 0 .0000 0.00 00 0.0000 0.0000 0.0 000 0. 0000 0.0 000 0.0000 
010 o. ocoo 0. 0000 0 .0000 0 .0000 0. 0000 0. 0000 0.0000 0 .000 0 0. 0000 0. 0000 0 .0000 0 .0030 
011 0. 000 0 0.0000 0. 0000 0 .00 00 0.0030 0 .000 0 0.0000 0 .0030 0.0000 0 .0100 0. 0100 0.0000 
012 O.O<CO 0 . 8900 0 . 0000 0.0000 0.0000 0.0000 0. 3000 0 .3200 0. 3000 o .e100 o. 7400 0.8 100 
Oil 0 .10 00 0.0000 0.0000 0.0000 0.0000 o.ooco 0.0000 0.0000 0. 0000 0 .000 0 0 .000 0 0 .0000 
014 0. 0000 0.00 00 0 .8 500 a . 9500 0. 1000 0.3300 0 . 1100 0 .1000 0.1200 0 .0600 0.05 00 0.0 500 
015 0.00 00 0.0000 0.0 500 0.0000 0 .00 00 0.0000 0 . 0000 0 .000 0 0.0000 0.0000 0 .0000 0.00 00 
016 0 . 0500 0 . 0000 0.0000 o.osoo 0.0000 0.0100 0.0000 0.0200 0.0 300 0 .0000 0.0 200 0.0100 
011 0.0000 0 .0400 0 .000 0 0.00 00 0 . 0500 0 .000 0 0 . 0000 0 .0200 0.0 200 0.0000 0.01 00 0 .0100 
018 0 .0 500 0.0000 0.0000 0.0000 o. ocoo 0 .000 0 0 .0000 0 .0000 0.0000 0 .000 0 0 .0000 0 .0000 
019 0.0 000 0.00 30 0. 0000 0.0030 0. 0000 0 .0000 0.0100 0.0000 0.0 000 0. 0030 0. 0030 0. 0000 
020 0 .0000 0.00 30 0. 0000 0. 0000 0.0000 0 .000 0 0.0030 0 .0030 0. 0000 a .oo3o 0.01 00 0.0000 
021 0 .000 0 0. 0000 0.0000 0 .0000 0 .000 0 0 .0000 0.0000 0. 0000 0 .000 0 0. 0000 0.0 000 0 .0000 
022 0.0100 0 .0200 0. 0200 0 .0000 0 .0000 0.0 300 0 . 0500 0 .0 400 0.0000 O.OlOO 0.0 lOO 0.0000 
023 0.0030 0.0030 0.0000 0.0000 0 .00 00 0.0030 0.0030 0 .000 0 0 .0000 0 .0000 0.0 030 O.OOlO 
024 0. 0000 0.00 00 a .0000 0.0000 0 .000 0 0 .0000 0.0000 0 .00 30 0.00 00 0 .0000 0.0 000 0.0000 
025 0.0 000 0.0000 0 .0000 0.0000 0 . 0000 0.00 00 0. 0000 0.0000 0. 0000 O.OOlO 0. 0000 0.0000 
025 0.0000 0.0030 0. 0000 0. 0000 0.0000 0.00 00 O.OOlO 0.0030 0.00 00 0 .0000 0 .0100 O.OOlO 
021 0.0000 0 .0030 0.0000 0 . 0000 0. 0000 0.0000 0 . 0000 0 . 0000 0. 0000 0 .000 0 0 .0100 0 .0000 
028 0. 0000 0. 0000 0 .000 0 0 .000 0 0.0000 0. 0000 0.0000 0 .00 00 0.0 000 0 .00 00 0 .0000 0.0000 
029 0.1500 0 .0800 o.uuuo 0.0000 0.0000 0.0000 0 . 0700 0. 0300 0.0200 0. 0700 0 . 0100 O.UiOO 
O'?O 0.0000 0 .0000 0. 0000 o .ooco o.asoo 0.0000 0. 0000 0. 0000 0.0000 0.0000 0. 0000 0. 0000 
Oll o.ooou 0. 0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 o.ou oo 0.00 00 0 .0000 0.0000 
032 a .ocoo 0 .0000 0.0000 0.0000 0.0000 a .0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 
o:n 0.0000 0 .0000 0.0000 0.0000 0.0000 o.ouuo 0.0000 0.0000 0. 0030 0. 0000 0.0000 0.0000 
004 o.ouua 0 .000 0 0.0 000 0 . 0000 0.0000 0 .0000 0.0000 0.0000 0. 0000 0. 0000 a .0000 0. 0000 
015 0. 0000 0 .0000 0.0000 0 .0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Ole 0. 0000 0. 0000 0.0030 0.0030 0 .0000 0.03 00 0.0000 0. 0000 0.0000 0.00 00 0 .0000 0.0l OO 
037 0. 0000 0 .0000 0. 0000 0 .0000 0.0000 0. 0000 0. 0300 0.0100 0.0000 0.0 030 0.0030 0.0000 
038 0 .0000 0 .0000 0.0000 0.0000 0. 0000 0.0000 0. 0000 0 .0000 0.0000 0 .0000 0 .0000 0.0000 
019 0 .0000 0.0000 0 .000 0 0 .0000 0. 0000 0 .0000 o.ocoo 0. 0000 0. 0000 0.0000 0 .000 0 0 .0000 
O<O 0.0000 0 .0000 0 .0000 0.0000 0 .00 00 0 .000 0 0.0000 0 .0000 0 .0000 0 .0000 0.0000 0 .0000 
041 0.60 00 0 .5400 0. 1400 9 .0 000 O.J800 0.0400 0 .0900 0 .0700 0 .1300 0. 1000 0 .1600 0 .1 500 
L27> Ll46 Ll95 L440 LSilO L547 L610 L62l L633 L645 L65l L/41 
001 0.0000 0.0000 0 .0000 0 .000 0 0.3800 0 . 0000 0 . 0000 0.0000 0 .0000 0.0000 0.1800 0.0000 
002 0.0000 0. 0000 0 .0000 0 .0000 0 .2200 0 .00 00 0.0000 0 . 0000 0 .0000 0. 0000 0.1 300 0. 0000 
OOJ 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0 .0000 0 . 0000 0.0000 0 .0000 o. 1400 0.00 00 
oo• 0. 0000 0. 0000 0 .0000 0. 0000 0 .0 100 0.0000 0 .0000 0 .0000 0.00 00 0.0000 0 .0000 0.0000 
005 a.uooo 0 .UOJO 0 .0200 0.00 30 0.0100 0 .000 0 O.Ol'JO 0.0000 0 .0030 0.00~0 0. 0100 0.0030 
006 0.00 00 0 .0000 0.0000 0 .0 000 0 .00 00 0. 0000 0 .00 00 0.0 000 0 .00 00 0. 0000 0.0000 0.0000 
WT O.UUJO 0.0030 0.0200 0.00 30 0 . 0100 0 .000 0 0 .0200 0 .000 0 0. 0000 0.0000 o.ooou 0 .0000 
008 0.0000 0 .0000 0 .0000 0. 0030 0.0000 0 .0000 0 .0100 0. 0000 0. 0000 0. 0000 0 .0200 0.0000 
009 o.uoou 0 .000 0 u.0000 0 .0000 0.0000 0.0000 0 .010 0 0 .0000 0. 0000 0. 0000 0. 0000 0 .0000 
010 0.0030 0. 0000 0 .000 0 0 .000 0 0. 0000 O.OOGU 0. 0000 0. 0000 0. 0000 0.0000 0 .0000 0 .00 00 
011 0 .0000 0. 0000 o.ouu 0.0000 0 .000 0 0.0000 0.0030 0. 0000 0. 0000 .o .uooo 0.0 000 0 .00 00 
0~2 0 .9200 0.8800 0. 7500 0.9200 0.0000 0 .0 000 0 .8 100 0.9000 0 .890 0 0. 9200 0 . 3100 0.9000 
Oll 0 .000 0 0 .0000 0 .0000 0.00 00 0. 2900 0 .000 0 0 .000 0 0 .0000 0 .0000 o .uooo 0 .!100 0 .0000 
Ott O.OOlO 0.06 00 0.1 000 0 .0000 0 .0500 0 .9500 0.0000 0 . 0100 0. 0100 0. 0000 0. 0200 0. 0000 
01' 0.0000 0.0000 0. 0000 0 .0000 o. uooo 0. 0000 0 . 0000 0 .0000 0. 0000 0, 0000 0 .0000 0.0000 
016 0 .0200 0.0 300 0.0 300 O.OJOO 0.02 00 o.o.:oo 0.0 300 O.OlOO 0.04 00 o .C400 0 .0300 0 .0500 
Ol7 0.02 00 0 .00 00 0.0000 0 .0 100 0. 0000 0.0000 0.0000 0.01 00 0.0000 0 .0000 0. 0000 0 .0000 
013 0 .000 0 0. 0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 0 .0000 0.00 00 o. ocoo 0 .0 100 0.0 000 
019 0. 003 0 0 .0030 0.01 00 o. uooo 0 .0030 0 .003 0 0.0100 0 .0200 0. 0030 0. 0100 O.OOlO 0.0000 
020 0.01 00 0 .003U 0 .000 0 0.0030 0 .0000 0 .0000 0 .0100 0. 0100 0.0100 0 .0 100 0 .0000 0 .0100 
021 0.00 00 0.0 000 0 .0000 0 .000 0 0. 0000 0 .00 00 0. 0000 0. 0000 0.0000 0 .0000 0. 0000 O.UOlXl 
022 0 .030 0 0. 0300 0 .0 400 0. 0200 0 .000 0 0.0100 0. 0200 0.0 200 0. 0200 0 .0 200 0. 0000 0. 0300 
023 0.0030 0 .0 030 0.0030 O.OOJO 0 .003 0 O.Oll30 0.0030 O. OOlO 0. 0030 0. 0030 0. 0030 0.00 30 
024 O. Ol' lO 0 .000 0 0.00 00 0.00 00 0 .0000 0.0000 0.0000 0 .000 0 0. 0000 0. 0000 0 .0000 0.0 000 
025 0.01) J o. ouoo o.oouo 0. 0000 0 .0000 0. 0000 0 .000 0 0.0030 0 .0000 0.0000 0. 0000 a.oouu 
026 0 .0030 0.0000 0.0000 0 .00 30 0 .00 00 0.0000 0 .0000 0 .0 030 0.003 0 O.OGOO 0 .0000 0 .0 100 
027 u.oc:J 0.0000 0.0030 0.01 00 0. 0000 0.00 00 0 .003 0 0 .0030 0. 0030 0 . 0000 0.0 000 0 .0030 
023 o.oouo 0.0000 0 ,0000 0 .000 0 0 .0 000 0.0000 0 .00 00 0.00 00 0 .000 0 0. 0000 0 .0000 0 .0200 
029 o.uouo 0 .0000 0.00 00 0.0000 0 .0000 0 .000 0 o . ooco 0.0000 0.0000 o .oou o 0 .0100 0.00 00 
030 o.ooco 0.0000 O.OOGO 0 .0000 o. ooco 0 .00 00 O.JOOO 0.0000 0.0000 0. 0000 0 .0000 0. 0000 
OJl 0.0000 0. 0000 u. 0000 0.0000 0.0000 0. 0000 0 .000 0 0.00 00 0.0000 o .ocoo 0 .000 0 0. 0000 
032 0 .000 0 U.0000 0 .0000 0 .0000 0 .000 0 0. 0000 0 .0000 0 .0000 0.000 0 0. 0000 0 .000 0 0 .000 0 
033 0 .o cuo 0.0000 0 .0000 0 .DODO 0.0000 0. 0000 0.00 00 0 .0000 0.0000 0 .0000 0 .0000 0. 0000 
03~ o.o ouo a.uuuo 0 .000 0 0 .0000 0 .000 0 0.0000 0.0000 0. 0000 0.0000 0. 0000 o.ouou 0.0000 
CJ5 o .ooco 0 .000 0 0. 0000 0 .0000 0 .000 0 0. 0000 0. 0000 0 .000 0 0.000 0 o. ouoo 0. 0000 0.0 000 
o~~ O.OOGO 0 . 0000 O.OJOO 0. 0100 0.0100 0.0000 0 .0000 o.oouu O.OOjQ o.uooo 0. 0000 0.0000 
Oll o.oc oo 0.00?0 0. 0000 0.0030 0 .0 000 O.OOGO o .cooo 0 .0000 o.c ouo 0. 0030 0.0000 o. ocou 
0.!3 0.UuUU 0.0000 o.uouo U.0000 0 .0000 0.0000 o. oouu O.UJOO 0.0000 o.oou  0 .0000 0.0000 
039 0 .JOOO 0 .000 0 0.0030 o .uoo o 0. 0000 0 .00 00 a .0000 0 .0000 0.0000 0.00 00 o. ouoo 0. 0000 ().IO 0.00 00 0.0000 0 .0000 o .oco o o.ocoo a .0000 o .ccou o.ooou 0.00 00 0.00 00 0 .0000 0. 0000 
041 O. 15JO 0 .1200 0.1200 9. 0000 0.1-ioo 0. 1100 0 .1300 o .0800 9.0000 9 . ocuo 9 .0000 9.0000 
177 
L751 L780 L782 L855 L900 L985 Ll265 Ll365 Ll775 Ll940 Ll960 L2035 
001 o.oouo 0.0000 0.0000 0.00 00 0.0000 0.00 00 0.0000 0.0000 0.0000 0 .0000 0. 0000 o.ocoo 
002 0.00LlU 0.0000 0 . 1400 0 .0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0500 0 .0000 
003 0.0000 0.00()0 0.00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
004 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0 .0000 0 .0000 
005 O.OOJO 0.0000 0 . 0100 0.00 00 0.0000 0.0000 0.0030 0.0030 0.0030 0.0600 0.00 00 0.0600 
006 0 .000 0 0 .000 0 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0200 0.0000 0.0100 
007 0.0030 0.0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.30 00 0.0000 0.45 00 
008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0100 0.0000 0.0200 
009 o.uuuo 0.0000 0.0000 0.00 00 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
010 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
OU 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 
012 o . 9400 0.9000 0.1400 0 . 0600 0.:?600 0.5600 0.9200 0.9100 0.8900 0.2300 0 .1400 0.1600 
013 o.ouco 0.0000 0.0000 0.4600 0.3200 0.0000 0.0000 0.0000 0.0000 0.0000 0. 2900 0.00 00 
014 0.0100 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .2300 0 .0000 0.1100 
015 O.OOvO 0.0000 0.3o00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.uooo 0.0000 0.0000 
016 0 .0 300 0.0400 0.1900 0.2200 0.1500 0.2000 a.o.uJO 0.0500 0.0500 0 .0100 0 .3500 0.0 600 
01' 0.0000 o.ouoo 0.0100 0.0200 0.0100 0.0000 0.0000 0.0000 0.0100 0.0000 0.0200 0.0100 
018 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 
01~ 0.0030 0.0100 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0.03 00 
0.-U 0. 0030 0.0030 0.0200 0.1000 0 . 0300 0.0200 0 .0000 0.0030 0.0000 0.0000 0.03 UO 0.0200 
OZl 0.0000 0 . 0000 0.0200 o.o,oo 0.0200 0 .030 0 0 .0000 0.0000 0.0000 0.0000 0.0200 0.0200 
ozz 0.0000 0.0300 0.0400 0.0500 0.0400 0 .040 0 0.02UO 0 .0200 0.0200 0.0400 0.0400 0.0400 
023 0 .000 0 O.U!l30 0.0030 0.0030 0 .0030 0.0030 0 . 0030 0.0030 0.00 30 0 .0030 0.0030 0.0000 
It,< o.uooo o.uooo 0.0030 0.0030 0.0000 o.uuoo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 
- · 025 0.0 000 0.0000 0.0000 0.0030 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 o.uuuu u.vu,., 
:J26 o.cxno 0.0100 0.0000 0 .0400 0.0500 0.0000 0.0100 0.0000 0.0100 0.0000 0.0100 0.00 30 
027 O.OOJO 0.0100 0.0100 0.0300 0 .0 100 0 .000 0 0.0100 O.CIOO 0.0100 0.0000 0.0300 O.OOJO 
028 o.uooo 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0300 0 . 0000 0 .0000 
029 0.0000 0.0000 0 .0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0100 0.0000 0.0100 
030 0.0000 0.0000 0.0000 0.0000 0 .000 0 0.00 00 0 .0000 0.0000 0 .0000 0.0000 0.0000 0.0100 
OJI 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0 .0 000 0.0000 0.0000 
0]2 o.oouo 0.0000 0.0000 0.0000 0.0000 0.0000 O.OOvO 0. 0000 0 .0 000 0.0000 0 .0000 0.00 00 
033 0.0000 0.0000 0.0100 0 .000 0 0.0!00 0.0000 0.0000 0.0000 0. 0000 0.0000 0. 0030 0.0000 
0~4 0.0000 o.oouo 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
0]5 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
036 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
037 0.0000 0 . 0030 0.0000 0.0000 O.OOJO 0.0000 0.0000 0.0000 0.0030 0 .0000 0.0000 0.0000 
038 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
039 . 0.0000 0 . 0030 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0.000 0 
O<O 0.0000 0.0000 0.0000 0.0 000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
O.I 9.0000 9.00UO 9.0000 0.6100 9.0000 0.5100 9.0000 9 .0000 9.0000 9.0000 0.6200 0.1800 
L2060 L2080 L2075 L2085 SR35 SR37 SR45 SR64 SR50 SR68 SRll5 SR151 
001 0 . 0300 0 . 0030 0 .2800 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.5100 0.3000 0.0 000 
on u.usou 0.1000 0.0200 0.0900 0.0000 0.0000 0.0000 0.0000 0.0000 0.1400 0.1200 0.0000 
003 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0 .0000 0.0000 0.0000 0.0030 0.0030 0.0000 
OC4 u.uuuo 0 .0000 0.0000 0.00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0100 0 .0000 0.00 00 
005 0 . 0030 0 .000 0 0.0400 0 .0000 0.0000 0 .0000 0.0000 0 .000 0 0.0000 0.0100 0.01 00 0.0000 
().)6 0.0000 0.0000 0.0200 0. 0000 0.0000 0.0000 0 .0000 0.00 00 0.0000 U.0000 0.0000 0.0000 
QtJ] 0.0000 0 .0 000 0 .1500 0 .000 0 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0.0000 
008 0.0000 0 .000 0 0.12 00 0.0000 0.0000 0 .0000 0 .0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 
009 0.0000 0 .0000 0 .000 0 0.0000 0.00 00 0.0000 0.0000 0.0000 0 .000 0 0 .000 0 0.0000 0 .0000 
010 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0 000 
Oil o.oouo 0 .0000 0.0100 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0. 0030 0 .0000 0 .0000 
012 0 .0 400 0 .030 0 0.1000 0 .010 0 0.0000 0.0000 0.0000 0.0000 0 .0000 0.2000 0.4200 0 . 0000 
OlJ 0 . 2800 0.3500 0.1200 0.4000 0.1100 0.0100 0 .2100 0 .2,00 0 .000 0 o .o,oo 0.01 00 0.0000 
014 0.0000 0.0000 0.0200 0.0000 0 .0000 0 .0000 0.0000 0.0000 0.2400 0.0300 0.08 00 0.1100 
015 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 . 7800 
016 0.3300 0.2900 0.0400 0.3400 0.6500 0.8400 0.6900 0.63 00 0.0000 0.0030 0 .0000 0.0000 
017 0.0200 0.0700 0.0100 0.0200 0.0100 0.01 00 0.0100 0.0200 0 .6600 0.0000 0.0000 0.0000 
018 o.oouo 0.0000 0.0000 0.0000 0.0000 0.0000 0 .000 0 0 .0000 0. 0200 0 .0000 0.0000 0.0000 
0!9 0.0400 0.0200 0.01 00 0.0000 0.0800 0.0030 0.0030 0.0400 0.0000 0.0000 0.0000 0.0000 
020 0.0700 0.0200 0.0200 0.0600 0.0900 O.OlvO 0 .060 0 0 . 0200 0.0100 0.0000 0.00 30 0.0000 
021 0.0200 0 .020 0 O.OlOO 0.0100 0.0030 O.OOJO 0.0030 0.0030 0.0030 0 .0000 0.0000 0. 0000 
021 0.0300 0.0400 0.0200 0.0400 0 . 0800 0.0100 0.0030 0.0100 0 .0030 0 . 0000 0 . 0030 0.0000 
023 0.0030 0.0030 0.0000 0.0030 0.0030 0.0030 0 .003 0 0.0000 0.0000 0.0 000 0 .0030 0.0000 
o« U.0UJ0 0.0100 0.0000 O.UU30 ·o.ouuo 0.0030 0. 0030 0.0030 0.00)0 0 .000 0 0.0000 0.0000 
02S 0.0100 0.0100 0.0000 0.0030 0.0030 0.0030 0.0030 0.0030 0.0100 0.0000 0.0000 0 .0000 
026 0.0200 0.0100 0.0030 0.0100 0.00JO 0.0030 0.0030 0 .000 0 0.0030 0.0000 0.00 00 0.0000 
027 u.ui:m 0.0200 0.0000 0.0300 0.0000 o.ouou 0.0000 0 .00 00 0.0000 0.0000 0 .000 0 0.0000 
028 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 
0,9 o.oouo 0.0030 0.0000 0.0000 0 .000 0 0.0000 0 .00 00 0.0000 0 .000 0 0.0100 0.04 00 0.0000 
OJU 0.0030 0 . 0000 0.0000 0.0030 0.0030 0.0000 0.0030 0.0030 0.0030 0.0000 0. 0000 0 .0000 
Qjl o.oouo 0 .0000 0 .000 0 0 .0000 0.0000 0.0000 o.oouo 0.0000 0.0000 0.0000 0 .0000 0. 0000 
OJZ 0 .000 0 0.0000 0.0000 0.0000 0.0000 0 .000 0 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 
033 0.0000 0 .0100 0 .00) 0 0.0000 0.0000 0 .0030 0.0030 0.0000 0.0000 0. 0000 0 .0000 0.00 00 
034 0.0000 0.0000 0.0000 0.0 000 o.oouo 0.0 000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0)5 0.0030 0.0000 0.0100 0.0030 0.0030 0 .0030 0.0030 0.0000 0. 0030 0.0000 0.0000 0.0000 
036 0.0000 0 .000 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0 .000 0 0.0400 
OJI 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.uouo 0.0030 0. 0000 0.00 00 
0)8 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.ouoo 0.0000 0. 0000 
039 o.uouo 0.0000 0.0000 0.0000 0.0000 0.0000 O.ilUOO 0.0000 0.0000 0.0000 0.0000 0.0000 
040 o.ouoo 0.0000 0.0000 0.0000 0. 0000 0. 0800 0.0200 0. 0400 0.0400 0.0100 0.0100 0.0000 
O>I 0.6100 0 .5800 O.IJOO 0.6200 0.9100 0. 9800 9.0000 0.7900 0.8800 o.o6vo 0.0600 0.0300 
178 
:»<1:i~ ~a~ SR.Zt,4 SR298 SR346 SR405 SR461 SR463 SR475 SR510 SR512 SR5!3 
001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2100 O.l800 0.2500 0.4300 0.5600 0 .]900 
002 o.ouoo 0.0000 0 . 0000 0.0000 0.0000 o .ouo o 0.1200 0 .090 0 0.1000 0.0900 0.0900 0. 1800 
003 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.ooco 0.0100 0.0100 O.OJOO 
OU4 o.ouuo 0.0100 o.oouo 0 . 0000 0.0000 o.uuoo 0.0000 0.0000 0.0030 0.0000 0.0100 0.00 00 
005 o.oouo 0 .0 030 0.0030 0.00JO 0.00JO 0.0030 O.OOJO 0.0030 O.OOJO 0 .0030 0 .0 100 0.0030 
OU6 o.ooou 0.0030 0.0030 0.0000 0.0000 0.0030 0.0000 0. 0000 0.0030 O.OOJO 0.0030 0 .0000 
007 0.0000 U.0000 0.0000 0.0030 0.0030 0.0000 0.0000 0 .000 0 0.0000 0.0000 0.0000 0.0000 
OU8 0.0000 0.0030 0.U030 0.0000 0.0000 0 .0000 0.0030 0 .0 030 0.0030 0.0030 0.0030 0.0030 
009 0.0000 0 .oouo 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
010 o.oouo o.oouo o.uooo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 
011 0.0000 o . oouo 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 
012 o.oouo 0.89UO 0.9300 0 . 9600 0.9500 0.9400 0.2800 0 .00 00 0.1700 0.2600 0.0 700 0.1200 
013 O.OlUO o.oouo 0.0000 0 . 0000 0.0000 0.0000 0.0200 0.0000 0 . 0000 0.0000 0.0000 o.ouoo 
014 0 . 8800 0 .0 900 0.0300 0 . 0100 0.0100 0.0100 0.1000 0.2000 0.2200 0 . 1400 0 . 2100 0.2200 
011 0.0100 0.0000 0.0000 0.0000 o.ouoo o.oouo 0.1000 0 .0 400 0.0600 0.0200 0 .06 00 0 .0200 
016 0.0030 0.0100 0.0300 0.0200 . 0.0300 0.0200 0.1300 0.1200 0. 1700 0.0000 0.0 000 0.0000 
017 0.0000 0 .0 030 0.0030 o.oouo 0.0000 0 .00 00 0.0100 0 .00 30 0.0030 0.0000 0.0000 U .0000 
o:a 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
019 o .uou o 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0 000 0 . 0000 0 .00 00 0 . 0000 
020 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0 200 0.0030 0 . 0200 0.0030 0.0000 0.0000 
021 0.00 00 0.0000 0 .00 00 0.0000 0.0000 0.0000 o.ouoo 0.0030 0.0030 0.0000 0.0000 0.0000 
022 0.0000 0.0030 0.0000 0.0100 0.0030 0.0030 0.0030 O.OOJO 0.0030 0.0030 0.0030 0.0000 
0-,3 0.0030 0.0000 0 .00 00 0.0030 0.0030 0.0000 0.0030 0. 0030 0.0030 0.0030 0.0030 0.0000 
024 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0030 0.0030 0. 0030 0 . 0000 0 . 0000 0.0000 
025 o . oouo 0. 0000 c.oouo o.oooc 0.0000 o .o oco 0.0030 o.ouoo 0.0000 0.0030 0 .000 0 0 .00 00 
026 0 .0000 0.0000 0.0000 o . cooo 0.0000 0.0030 0.0030 0 .00 00 0 . 0000 0.0000 0.0000 0.0 000 
027 0 .0000 0 . 0000 0 . 0000 0.0000 0.0000 c.ooco 0.0030 0.0 030 0.0 000 0.0000 0.0000 0. 0000 
ll.3 0.0000 0.0100 O.OUJO 0 .0000 0.0000 0.0000 0.0000 0 .000 0 0.0000 0 . 0000 0 .000 0 0 . 0000 
029 0 . 0000 0.00J0 0.00 30 0.00 00 0 .0 030 O.OOJO 0.0000 O.OOJO O.OOJO O.OJOO 0.0200 0 .0200 
Qj Q o .uooo 0.00 00 0 .0 000 0 .00 00 0.0000 0 .000 0 0 . 0030 0 .0000 0.0000 0.0000 0.000 0 0 .000 0 
031 0 . 0000 0.0000 0 .0000 0 .0000 0 . 0000 0.0000 0.0 000 0.0000 0 .0 000 0.0 000 0.0000 0 .0 000 
0.32 o.ouuo o .uooo 0 .0000 0 .0000 0.0000 0 .000 0 0. 0000 0 .0000 o.oouo 0.0000 0.0000 0 .0000 
033 0.0000 0.0000 0 .0 000 0.0000 o.oouo 0.0000 o.oouo 0.0000 0.0000 0.0000 0.0000 0 .0000 
OJ4 0.0000 0.0000 0 .00 00 o.uooo 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0. 0000 0 .0000 
OJ5 0.0000 0.00 00 0 . 0000 0.0 000 0 .0 000 0 .00 00 0 . 0000 0.0000 0.0000 0 . 0000 0 .0 000 0.0 000 
036 0 . 0100 0.0000 0.00 00 0.0000 0 .0000 0.00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
037 0.0000 O.OOJO 0.0000 0.0000 0.0000 0.0100 0 .0 000 0.0000 0.0000 0.0000 0 .00 00 o .ouoo 
OJ8 o.ouuo o.ooou 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .0 000 0.0000 0.0000 0.0000 0. 0000 
039 0 .000 0 0 .0 000 0 .0000 0.0000 0.0000 0.0000 0.0000 0 .0 000 0.0000 0.0000 0.0000 0.0000 
040 0.00 00 0.0000 0.0000 0. 0000 0.0000 0.0 000 0 .0000 o.uooo o .ooou 0.0100 0. 0000 0 . 0100 
O>l 0.0800 0 . 2100 0.1400 0 .130 0 0 .1300 9.0000 0 . 3100 0.1700 0 . 3100 0.0700 0.0600 0.0 700 
SR568 5R595 SR659 SR664 SR734 5R824 5R857 SR859 SR869 SRB!!O SR924 5R9J5 
OU! o.oouo 0.00 00 0 . 0000 0.0000 0 . 0000 0.0000 0 .000 0 0.3300 0 . 0000 0.0000 0.0000 0. 0400 
002 0 . 0000 0. 0000 0 .00 00 0.0000 0 .0 000 0.0400 0.0600 0.1200 0.0200 0.0000 0 .010 0 0.0000 
003 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0.0100 
004 0 . 0000 0.0000 0 .000 0 0 .0 000 0 . 0000 0.0000 0.0000 0 .00 00 0.0000 0 . 0000 0. 0000 0. 0000 
Ol!5 0.003U 0.0000 0.0030 0.0000 0.0000 0.00 00 0.0000 0.0030 0 .0000 0. 0030 0.0030 0. 1400 
OU6 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 .0300 
007 0.0000 0 . 0000 o .o ouo 0.0000 0. 0030 0.0000 0.0000 0 .000 0 0.0000 0.0000 0 .00 00 0 .0800 
oca 0 . 0030 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 O.OOJO 0. 0000 0 .00 00 0 .000 0 0 .0 030 
OJ9 0.00 00 0.0000 0.0000 o.oouo 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
OlO 0 . 0030 0 . 0000 0.0030 0 . 0030 0.0000 0.0000 0 .0 000 0.0000 0 . 0000 0.0030 0. 0000 0.0000 
011 o.oouo o.oouo 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0 .000 0 0.0 000 0.0000 0.0000 0 .0030 
0!1 0 . 94UQ 0.!>400 0 . 9400 0 . 9200 0. 9600 0 . 5100 0 . 4000 0.1800 0.0000 0 .95 00 a.,aoo 0.3 000 
013 o.ouuo 0.0000 0.0000 0 .000 0 0.0000 0 .0 000 0 . 0000 0.0000 0.5300 0 . 0000 0.0000 0.0000 
0 14 0 . 0000 0 . 0200 0 .0100 0 . 0100 0.0030 0.!!00 0 . 1700 O.l700 0.0000 0.0100 0.1100 0 .11 00 
015 O. UlUO 0.0000 0 .000 0 O.U030 0.01 00 0.0300 0.0100 0.0000 0.000 0 0.0100 0 .000 0 O. U900 
016 0.0300 0 . 03UU 0 .02 00 O.OJOO 0.0200 0.2500 0.3200 0 . 1500 O.l700 0.0200 0. 2100 0 .003 0 
017 o.oo uo 0 . 0000 0 . 0000 0.0000 0.0030 0 . 0030 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 
018 o.ouuu o.uuuo 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 o . ooou 
019 o.ouoo 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0. 0000 o.uooo 0.0000 0 . 0000 
020 0.003U 0.0000 0 .0 030 0.0030 0 . 0030 0 . 0300 0.0400 0.0300 0.0400 0.0030 0.0100 0.0000 
011 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0000 
022 0.0030 o . ouoo 0.0030 0.0030 0.0100 0.0100 O.UlOO 0.0100 0.0030 0 . 0030 0 .00 30 0 .0030 
023 0 . 0030 0 .0 000 0 .00 00 0.0000 0.0000 0 . 0030 0.0000 0 .0 030 0.0030 O.OOJO 0.00JO 0 . 0000 
024 o.oouo 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.U030 0 . 0000 0.0000 0.0000 
025 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.OOJO 0. 0000 0 . 0000 0 . 0000 0.0000 
026 o.ooou 0 . 0000 o . oouo 0.0000 0.0000 0 . 0000 0 . 0100 0 .0 030 0.0000 0.0030 0.0030 0 .0000 
027 0.0000 0 .0 000 O.OOJO 0.0000 0.0030 O. OOJO 0.0030 0.0030 0.0030 0.0030 0.0100 0.0000 
028 a.ouuo 0.0000 0.0000 0.0000 0. 0000 0 . 0000 0 . 0000 0. 0000 0.0000 0.0000 0.0000 0.0000 
029 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0500 
030 0.0000 u . 0000 o.oouo 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.oouo 0.0000 
031 o.oouo 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 .0 000 0.0000 0. 0000 0.0000 0 .00 00 0. 0000 
on 0.0000 0 .0000 0.0000 0.0000 0.0000 0 .0 000 0.0000 0.0000 0.0000 0 . 0000 0 .000 0 0 .0 000 
033 0.0030 o.oouo o.ooco 0 .0 000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.U030 0. 0000 
Ol4 0 .0 000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.N OO 0.0000 
03> o . oouo 0.0000 0. 0000 0.0000 0.0000 0.0000 o .u ooo o.ouo  0.0000 0;0000 O.OGOO 0. 0000 
036 0.0000 0.0000 0.01 00 0.02 00 0.0000 o. 0000 0.0000 0.0000 0.0000 O.OlOO 0.0 000 0 .OGOO 
037 0.0000 0.0030 0.0000 0 .00 30 0 . 0030 0 .000 0 0.0000 o .oou o 0. 0000 0 .0030 0.0030 0. 0000 
038 0.0000 0.0000 0 .000 0 o.oo uo 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0 .00 00 
OJ9 o.ouuo o.ooou o .uou o 0 .0 000 0 . 0000 0.0000 0 .00 00 0.0000 0.0000 0 .0000 0.00 00 0 .000 0 
o•u 0.0000 0.0000 0. 0000 0 .0 000 0.0000 0.0000 0. 0000 0.0100 0. 0100 0. 0000 0. 0000 o. 0000 
041 o.o~uo O. l1UO 0.2400 O.lOOU O. l500 O.l900 0.51 00 0 . 34UU 0.5400 0.1800 0 . 4600 0.1000 
179 
SR953 5.QI009 SRIOl2 SRIIJ4 SRl639 5.Ql641 5.Ql644 5.Ql679 SR 1689 SRl6\>4 L82 LBJ 
WI o.uuuo o .oouo 0 ,0000 U.0000 0.1200 0,0000 0.3000 0.0000 0.0000 0.0000 0. 0000 0.0000 
002 0 . 0400 0 .000 0 0,00 00 0 .000 0 0 .0000 0,06 00 0 .0030 0.0200 0.0000 0. 0000 0.0000 0 ,0000 
OU3 0,00 00 0 .0000 0. 0000 0.0000 0.0000 0,0000 0 .003 0 0.0000 0.0000 0.0000 0. 0000 0.0000 
(1)4 0.00 00 0,0000 0 .0000 0,0000 0.0030 0 .0000 0.0000 0,0000 0.00 00 0 .0000 0 .0000 0.0000 
005 0.0000 0 .1900 0.00)0 0.0000 0.00)0 0. 0000 0.00)0 0.0000 0.0000 0.0000 0 .0000 0. 0000 
OUo o.oouu 0 ,0000 0.0000 0.0000 0 .000 0 0.0000 0.0 100 0 .0000 0.0000 0 .0000 0,0000 0 , 0000 
007 0.0000 0.0500 0.0000 0.0000 0,0000 0.0000 0.4700 0.0000 0.0000 0 . 0000 0,0000 0.0000 
008 0.00)0 0.00)0 0.0000 0.0000 0.0300 0,0000 0.0100 0.0000 0 .0 000 0,0000 0.0000 0.0000 
009 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
010 o.oouo 0 .0000 0 .00) 0 0 .0 000 0 . 0000 0.0000 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 
011 0,0000 0.0000 0,0000 0.0000 0 . 0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 
012 O.IJOO 0 , 2500 0.8900 0.8600 0 .0500 0.0700 0.0030 0.5800 0.0300 0.0100 0.0000 0.9300 
013 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0900 0.0000 0.0000 0.J600 0.1000 0.0000 
014 0.3600 0.22 UO 0.0030 0.0400 0 .2900 0.)100 0.0900 0.0000 0.0000 0.0000 0 . 0000 0.0200 
015 o.o5 r,o 0 .080 0 0.0100 0.0400 0 .0 800 0.0600 0.0000 o .co oo 0.0000 0.0000 0.0000 o . ooco 
016 0.3800 0.0000 0.0500 0.0400 0.3000 0.4'00 0.0030 0.0000 0. 0000 0.0000 0.1700 0.0300 
017 0 .0100 0.0000 0 .0000 0.0000 0.0030 0.0000 0 . 0000 0.0000 0.0200 0.0400 0.0100 0.0000 
018 0.0000 0.0000 0 .0000 0.0000 0 . 0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0 . 0100 0.0000 
019 0.0000 . 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0.00 00 0,0000 0.00)0 0.0400 0 ,1000 0.0100 
020 0.0200 0,00)0 0.0030 0,00)0 0.0100 0.0200 0.0000 0.0100 0.00)0 0.1200 0.01 00 0.0030 
021 o.oo,o o.ouuo 0.0000 0 .0000 0.0000 0,0000 0 .0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
022 0.0100 0.0400 0,0000 O.OOJO 0.0600 0.0200 0.0030 0.0)00 0.0800 0.0400 0 .0100 0.0100 
023 0.0030 0.0030 0,0000 0.0000 0.0030 0,0030 0.0000 0,0030 0 .003 0 0.0030 o.oouo 0.00)0 
024 0.0000 0.0000 0 .0000 0.0000 0.0000 0,0000 0.0000 0,0000 0,0000 0.0030 0.02 00 0.0030 
UZI 0.0000 0.0000 0.00 00 0.00 00 0 .0000 0.0000 0.00 00 0.0000 O.OUJO 0.0030 0 .0200 0 .0030 
026 0.0030 0 .0000 0. 00)0 0.0000 0.0000 0.0100 0.0000 0 . 0100 0.0100 0.0100 0. 0000 0.0000 
027 o.oouo 0.0000 0.0000 O.WJO 0.0100 0.0100 0.0000 U.0030 0.0030 0 .0030 o. cuoo 0.0000 
028 0 . 0000 0.0000 0.0000 0 .0030 0.0000 0.0000 o.oooc 0.0000 0.0000 0.0000 0.0 000 0.0000 
029 o.oow 0.1600 o.ouoo 0.0000 0.0000 0.0200 0.0000 0 .0030 0.0000 0.0000 0.0000 0.00 00 
o;o 0.0000 0. 0000 0.0000 o.oouo 0.0000 0.0000 0.0000 0. 0000 0.0030 0 .0000 0.0030 0. 0000 
031 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0 000 0.000 0 0.0000 0.0000 0 .0000 0.0000 0.0000 
0)2 0.0000 0 .0000 0. 0000 0 .0000 0,0000 0.0000 0 .0000 0.0000 0,0000 0 .0000 0. 0000 0. 0000 
033 O.UOvU 0,0000 o.ouoo 0.0030 0.0000 0.0000 0 . 0000 0.00)0 0 .0000 0.0000 0. 0000 0.0000 
034 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0 .0000 0. 0000 
OJS 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00JO 0.0600 0.00 00 
036 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0400 0.0000 0.0000 0.0000 
037 0 .0000 0 . 0000 0 .0000 0.0000 0.0000 0.0000 0,0000 o .ouoo 0.0000 0.0000 0.0000 0.0000 
038 0.0000 0.0000 0 .00 00 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0 .0000 0.0030 0.0000 
0)9 0 .000 0 0.0000 0.00 00 0.0030 0,0000 0 .0000 0 .0000 0.0000 0 .0000 0 .0000 0.0000 0.0000 
0-0 0.0000 0.0300 0 .0000 0.0000 0 . 0200 0.0000 0.0000 0 .0000 0.0000 0 .0 100 0.0000 o.oouo 
041 0.5000 0 .110 0 0 .2800 9.0000 0.5100 0.6100 0 . 0700 0 , 4900 0. 6700 0.6000 0.9100 0.0800 
L815 L818 L822 L840 LBl18 LB126 L8155 L8300 LBJIZ LB350 LB351 LBJ55 
001 o.ouoo 0 . 0000 0. 0000 0.0000 0.5000 0 .0000 0 .0000 0 .00 00 0.0000 0. 0000 0.0200 0.3100 
t>, 2 0.0000 0.0000 0.0000 0.0000 0. 0700 0.0000 0.0000 0.0000 0.0000 0. 0000 0.2 000 0.0600 
Oul 0.0000 0.0000 0.0 000 0 .0000 0.0100 0 .0000 0.0 000 0.0000 0.0000 0 .0000 0 .0000 0.0200 
0.4 o .ouoo o.ooou 0 .0000 0.0000 0 .020 0 0.0 000 0.0000 0 ,000 0 0 .0000 0. 0000 0.0 000 0.0000 
O~I 0.0 000 0.0000 0.0000 0 . 0000 0 .03 00 0.0200 0 .0200 0.0100 0.00 30 0 .003 0 0.1100 0.0700 
0.,6 0.0000 o.oouo 0.0000 0.0000 0.0030 0.0000 0.0030 0 . 0000 0.0000 0,0000 0 ,0030 0.0000 
OU7 o.oow o.oouo o .oou o 0.0000 0.0200 0.0300 0.0200 0.0100 0.0000 0,0000 0.0000 0.0000 
CJ8 0.0000 0 .000 0 0,0000 0.0000 0,0100 0.0030 0 . 0100 0.0100 0.0030 0.0000 O.OlOO O.OlOO 
0.,9 o.uooo 0.0000 0.0000 0.0000 0 .003 0 0 .0000 0.0000 0 .000 0 0.0000 0.0000 0.0000 0.0000 
010 0.0000 0 ,0 000 0.0000 0.0000 0.0000 0 .0030 0.0100 0.0100 0.0030 0.0100 0 . 0600 0.0200 
0:1 0 .0000 0.0000 0 .000 0 0.0000 0.0000 0.0030 0.0030 0.0000 0 . 0030 0 .003 0 0. 0100 0 .0 100 
0'.2 O.OIL'O 0 .0 000 0 .110 0 0.0000 0.2400 0.8500 0.8500 0 .9 300 0.9300 0 .87 00 0 . 4000 0.3000 
o:i o.oouo 0.0900 0 .0000 0.0000 0.0000 0 .000 0 0 . 0000 0 .000 0 0.0000 0.0000 0.0400 0.0300 
Ol4 0 .2 000 0 . 0000 0.1200 0.7000 0,0100 0.0200 0.0200 0.0030 0.0000 0.0000 0.0500 0.0500 
0:1 0.2,00 o.uooo 0.4000 0.14 00 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 
016 0 . 0300 o . 7900 0.0300 0.0100 0.0300 0 .0400 0.0400 0.0100 0 .0 400 0.0 700 0.0400 0.0700 
0:1 0.0000 0.0100 U. 0000 0.0000 0.0000 0 .003 0 0.0000 0. 0000 0.000 0 0.0000 0.0030 0.0000 
0!8 0.0000 0.0000 0.0030 0.0000 0.0000 0 .0000 0.00 00 0.0000 0.0000 0.0000 0 .00 00 0.0000 
o:, o.oo co 0.0400 0 .000 0 0.0000 0. 0030 0.0030 0.0030 0.0000 0 .000 0 0. 0030 0.0030 0.0100 
010 0.0000 0 , 0200 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
021 0.0000 0 .0 000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .00 00 0.0000 0.0030 
02? 0 . 0400 0.0100 0 . 0400 0.0100 0.0200 0,0030 0.0200 0.0030 0.0030 0.0030 0.0200 0.01 00 
02] 0.0030 o . oouo 0.00)0 0 . 0030 0.0030 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 
C.l 0.00 00 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
o:5 o.oouo 0.0100 0 .000 0 0.0030 0 .00 30 0 .00 00 0 . 0000 0 .0 000 0 . 0000 0.0030 0.0000 0.00 00 
Oc.6 o.uouo o.oouu 0.0000 0.0000 0 .000 0 0.0030 0.0000 0.0000 0.0000 0,0030 0.0000 0.0030 
027 0.0000 0 .0000 0 .000 0 0.0000 0.0000 0.0030 0 .003 0 0 .0 030 0.0030 0.0000 0.0030 0 .0 030 
oza 0 . 0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 0.0200 0.0200 0.0000 0.0000 0.0000 
029 0.0000 0 .0 200 0.0000 0.0000 0.00)0 0.0000 0.0030 0.0000 0.0000 0.0000 0.0030 0.0000 
o::u 0.0300 0,0100 0 .000 0 0.0000 o.ooou 0.0000 0.0000 0.0000 0.0000 0.00 00 0.000 0 0.0000 
031 0.13 00 0 .0000 0 .060 0 0.0100 0 ,0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0:2 O.O!JIJO 0. 0000 0. 0000 0 .0000 0.0000 0 .000 0 0.0000 0. 0000 0.000 0 0.0000 0.0000 0.0000 
0)3 0.0000 0 .000 0 0.0 000 0.0000 0,0000 0.0000 0. 0000 0. 0000 0. 0000 0. 0000 0 .0000 0.0000 
o~.s U.1700 0.0000 0.0700 o .u,oo 0 .000 0 0. 0000 0.0000 0.0000 0 .000 0 0.0000 0.0000 0 ,000 0 
o:5 o.oo uo 0 ,0000 0.01 00 0.0000 0 .00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 
026 0.0900 o .o uoo 0. 1300 0.0900 0.0000 0.0000 0.0000 0.0000 0.0000 0. 00)0 0. 0000 0.000 0 
017 o.oo uo 0.0000 0.0000 o.uooo 0 .00 00 0.0100 0.0000 0 .003 0 0.0030 0.0100 o . oouo 0.0000 
o:8 0.0000 0 ,0000 0 .000 0 0,00 00 0.0000 0.0000 0.0000 0. 0000 0.0000 o.ouoo 0.0000 o.ocoo 
OJ. u.uooo 0.0000 0.0000 o.uouu 0.0000 0.0000 0.0000 0. 0000 0. 0000 0 .0000 0. 0000 0, 0000 
Q!O 0,0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0 ,00 00 0.0000 0. 0000 0.0000 0.0000 
0.:1 O.JOOO 0.8500 0.0 700 0.0100 9.0000 9.0000 9.0000 9.0000 9.0000 9 .0000 9.000U 9.0000 
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OJI 0.2000 0.0000 O. IJOO 0.1600 0.0000 0.0000 0 . 1500 0.0100 0.4000 0.0400 0.0000 0.1500 ()J2 o.oouo 0.0500 0.1000 0.0400 0.0000 0.5000 0.3000 0.0000 0.01 00 0.0000 0.05 00 0 . 1100 
001 0.00IJO 0.0000 0.0100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 oc, 0.0000 0.0000 0.0100 0 . 0100 0.0000 o.oc oo 0.0000 0.0000 0.0100 0.0000 o.oouo 0.0000 
OC5 0.0100 0.0400 o.0400 0 .0 500 0.0100 0.0030 0.0100 0.0000 0.0200 0.0100 0.3800 0 .0 100 
0<.6 o.ouoo 0.0000 0.0100 0.0000 0.0000 o.ooco 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 
007 O.OOIJO 0.0300 0 . 0100 0.0100 0.0000 0.0000 0.0100 0.0010 0.0200 0.0100 0.0600 0.0100 ()JS O.OlVO 0.0100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.ouoo 0.0000 O.OIOU O.OIOU 
009 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0100 0.0000 0.0200 o.oouo 
010 0.0000 o.uooo 0.0000 0.0000 0.0100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
011 0.01')0 U.0000 0 . 0000 o.uooo 0.0010 0.0000 0.0000 U.0000 0.0000 0.0000 0.0000 0.0000 
012 0.6300 0.7900 O.iOOO o. 5<;00 0.8600 0.1100 0.1000 o. 9500 o.1aoo 0.8900 o.•ooo 0.0900 
Oll 0.000\J 0.0000 0.0000 0.0000 0.0000 U.0000 0.0000 o.ouoo 0.0500 o.ouoo 0 . 0100 0.0000 
OU 0.05ll0 0 . 0100 0.0300 · 0.0800 0.0100 0.1000 0.0500 0.0000 0 . 2000 0.0100 0.0100 0.1700 
015 0.0000 o.ouoo o.ouoo 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.1500 o.uooo 0.0000 0.0000 
016 0.0500 0.0500 0.0200 0.0200 0.0900 0.1700 o. 1000 0.0200 0.0030 0.0100 0.0200 0.2100 
017 O.OOJU 0.0010 0.0030 0.0000 0.0010 0.0100 0.0100 0.0000 0.0000 0 .0 000 0.0000 0.0100 
018 0.0000 0.0000 o.oouo 0.0000 0 .0 000 0.0000 0.0000 0.0000 0. 0010 o .uoo o 0.0000 0.00 00 
0 19 O.OOJO 0.0000 0.0030 0.0030 0.0010 0.0100 0.0100 0.0100 0.0000 o.uooo 0.0030 0.0000 
020 o . oouo O. OOlU O.OOlU 0 . 0030 0.0030 0.0030 0.0100 0.0010 0.0000 0.0000 0.0000 0.01 00 
021 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 
ll<Z 0.02 'JU 0.0100 0.0100 0.0010 0.0100 0.0100 0.0100 0.0100 0.0010 0.0100 0.0100 0.0200 
021 0.0000 0.0000 0.0010 0.0000 0 .0 000 0 . 0030 0.0030 0.0000 0.0000 O.OOJO 0.0000 0.00JJ 
er., o.oouo 0.0000 o.ocoo o.ouuo 0.0000 0.0000 0.0030 0.0000 o.uooo 0 .00 00 0.0000 0 .0000 
025 0.0000 0.0030 0 . 0000 0 .00 00 0.0100 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 O.OOJJ 
026 0.0000 0.0030 0.0000 0. 0030 0.0010 0 .0 400 0.0100 0.0000 0.0030 0 .0 030 0.0000 0 .0 100 
(fl] 0.0030 0.0010 0.0100 0.0000 0 .0 000 0 .0100 0.0100 0.0010 0.0000 0 .001 0 0.0000 0.0100 
O,B 0 .000 0 0 . 0000 0.00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0,9 0.00 30 0.0000 0 .0010 0.0030 0.0000 0 ,0200 0 , 0100 0.0000 0.0010 0 .00 30 0.0010 0.0100 
030 0.00 00 o.oouo 0.0000 0.0 000 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Oll o.oouo 0.0000 0,0000 0 .000 0 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0 ,00 00 0.0000 
012 0 .0000 0.0000 0.0000 0.0000 0,0000 0.0000 0,0000 0.0000 0.0000 0.0000 0. 0000 0.0000 
033 o.ouuo 0,0000 0.0000 0.0000 0.0000 0.0000 0,000 0 0.0000 0.0000 0 .0000 0,0000 0.0010 
a~, 0.00 00 0.0000 0.0000 0 .000 0 0 .00 00 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 
025 o.oo uo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
o:6 0.0000 0.0000 0.0100 0.0400 0.0000 0.0000 0 .0000 0.0000 0.0100 0.0000 0.0000 0.0000 
027 0.00 10 0.0100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 
038 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0 000 0.0000 0.0000 
02) o.uuuo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0200 
o, o 0.00 00 0.0000 0.0000 0 .00 00 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 
u,,1 0.15 00 9.0000 0.1500 0.0900 0.1800 0.4400 0.3700 9.0000 o.osuo 0.1700 9.0000 9.0000 
lB595 L8600 LB610 L8660 L8675 LB680 L8705 LB715 LB7ZB LBIBO L8875 LBB76 
001 0.0000 0.45 00 0.3500 0.3200 0 .0 900 0.1200 0.1900 0.44 00 0.4300 0.0300 0 .0000 0.0000 
oa 0.43UU 0.0400 0.0400 0.0300 0.0300 0.0300 0.0200 0.0400 0.0300 0.0200 0.0000 0 .0000 
003 0.00 00 0.0000 0.0100 0.0100 0.0000 0.0100 0.0100 0.0000 0 .0000 0,0000 0.0000 0.0 000 o,. 0.00 00 0 . 0100 0.0100 0 . 0600 0.0300 0.0200 0.0200 0.0030 0.0200 0 .0 100 0 .0000 o.oo co 
005 o.oouo 0.0300 0.0600 0.0400 0.2500 0.1100 0.0700 0.0300 0 . 0600 0.2000 0.1300 0 .0000 
0 )6 0.0000 0.0030 0,0100 0.0100 0.0500 0.0100 0.0030 0 . 0000 0.0000 0.1000 0.0500 0 .000 0 
017 0.0000 0.0100 0.0200 0.0800 0.1200 0.1000 0.0800 0.0300 0.0400 0.0800 0.0900 0.0200 
oua 0.0000 0 . 0000 0.0000 0 . 0000 0,0000 0.0100 0.0100 0.0100 0.0100 0.0000 0.0200 0.0000 
009 0.0000 0.0000 0.0000 0.0100 0.1000 0.0500 0 . 0300 0.0000 0.0000 0.0000 0.0000 0.0000 
010 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 ,000 0 
011 0.0000 0.0030 0.0000 0.0000 0.0000 0.0030 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 
012 0.0400 0 . 2300 0.0800 0.1200 0 . 0600 0.1000 0.2000 0 . 0000 0.0000 0.4400 o.•100 0. 9300 
Oil 0.0000 0.0000 0.0400 0.0100 0.0100 0.0100 0.0000 0.4200 0.3500 0.0000 0.0000 0.0000 
o~.- 0.2300 0.1900 0.3500 0.2900 0.2000 0.2300 0.1900 0.0000 0.0000 0.0300 0.1708 0.0200 
015 0.0000 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.0000 0.0000 0.0100 0.0000 0.0000 0.0000 
016 0.2~U0 0.0200 0.0100 0,0000 0.0100 0.0200 0.0100 0.0100 0.0100 0.0300 0.0100 0.0100 
017 O.Ol UO 0.0000 0.0000 0.0030 0.0030 0.0030 0.0000 0.0000 0.0000 0 ,0030 0 .0000 0.0000 
018 0 ,000 0 0 .0 000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0. 0000 0.0000. 0 .0000 0.0000 
a~ 'j 0.0000 0 . 0000 0.0000 0.0000 0.0000 o.uooo 0.0000 0.0000 0.0000 o.uoou 0 . 0000 0.0000 
020 0.0lUO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0000 0.0030 0.0000 0. 0000 
0'1 0.0000 o.ouoo 0.0000 o.ouoo 0.0000 0 .0 000 0.0000 0.0000 0. 0000 0,0000 0.0000 0.0000 
022 0 .021 0 O.OIUO 0.0100 0.0100 0.0300 0.0400 0 . 0100 0.0100 0.0100 0.0030 0,0500 0 .0 100 
Oi:.l 0.0030 0.0030 0.0000 0.0030 0 . 0030 0.0030 0.0030 0.0000 0.0000 0.0030 0.0000 0.0000 
024 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 00 
0,5 0.0UJO 0.0000 0.0000 0.0000 o.ouoo 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0 000 0.0000 
016 0.0100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.oouo 0.0000 0 .00 00 
027 O.OluO 0,0000 o.uooo o.oouo 0 . 0030 0 . 0000 0.0000 o.uuuo 0.0000 0.0000 0.0030 0.0000 
028 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0010 0.0000 0.0030 
029 O.OIUO 0.0030 0 . 0030 0.0100 0.0000 0.0030 0.0030 0.0030 0.0030 0.0030 0.0000 0.0000 
030 0.0000 0.0000 o.oouo 0.0000 0.0000 0.0000 0,0000 0.0000 o.ouoo 0.0000 0.0000 0.0000 
OJI o.ouoo 0.0000 0.0000 o.ouoo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
031 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.ouoo 0.0000 0.0000 
033 0.0000 0 . 0000 0,0000 0.0000 0.0000 0.0300 0.0000 o. 0000 0.0000 0.0000 0.0000 0.0000 
034 u . 0000 o.ouoo 0.0000 0.0000 0.0000 0,0000 0.0000 0 .00 00 o.oouo o.uooo 0.0000 0.0000 
0}5 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 0 .0000 
036 o.ouoo 0.0000 0.0000 0.0000 0,0300 0.0000 0.0000 o.uooo o.uooo 0.0000 0.0600 0.0000 
037 0.0000 0 , 0000 0.0000 0,0000 0.0000 0.0000 o.uo oo 0.0000 0. 0000 0.0000 0;0000 0.0000 
018 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0. 0000 
039 0.01 00 0.0000 0.0000 0.0000 0. 0000 o.ouoo U.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
040 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0100 0,0000 o. 0000 0.0000 0.0000 0.0000 
041 0.5500 0.1100 o. 1300 0.0500 0.0700 0.1200 0.1000 9.0000 0.0400 9.0000 0.1700 9.0000 
181 
LB915 LB925 LB928 L89JC LB935 L8938 LB1048 LB! 115 LB! 180 LBll90 LBll92 LB1193 
CXll 0.3500 0.6000 0.5800 o.oouo o.ooco 0.0 800 0.2300 u.3800 0 .0000 0,0000 o.oo uo O.\JOOO 
002 0.0200 0.0000 0.0200 0.0700 0.1600 0.3200 0.1000 0.0400 0 .0000 0.0800 0 .000 0 0.0000 QJJ o.uuoo 0.0000 o.uooo 0.0000 0 . 0000 0.0000 0.0000 0.0300 o.oouo 0.0000 0.0000 0.0000 
OJC 0.0000 0 .000 0 0.0000 0 .000 0 0.0000 u.ouoo 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 
005 0.0900 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.1400 0. 0000 0.0000 o.oouo 0 .0000 
CX,6 0.0000 0.0000 0 .000 0 0 .0000 0.0000 o.uooo 0.0000 0.0100 o.oouu 0.0000 0.0000 O.\JOOO 
007 0.0400 0.0000 0.0200 0.0000 0.0000 0 .0 100 0.0000 0.1000 0.0000 0 . 0000 0.0000 0.0000 
008 0 . 0100 0.0030 0.0000 0.0000 0.0000 0.0100 0.0200 0.0600 0 .0 000 0.0000 0.0000 0.0000 
009 0.0000 o.oouo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 
010 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
011 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0 .0000 0 .0000 
012 0 . 3200 0.0000 0.0000 0.2000 0 . 1000 0.0500 0.0200 0.0200 0. 9500 0.3700 0.5600 0.0000 
013 0.0000 0 . 3400 0.3 300 0.0000 0.0000 0 .00 00 0.0000 0.1700 0.0000 0 . 0000 0.1200 0.2900 
OU 0 . 1000 0.0000 0.0000 0.2500 0.2200 c.2100 0.3000 0.0000 0 . 0100 0.1000 0.0000 0.0000 
015 o.cooo 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 .00 00 0 .00 00 0.0000 0.0000 
016 0.0600 0.0000 0.0200 0.1800 0.2,00 0.2000 0.2200 0.0300 0.0200 0.3100 0.1000 0.3200 
017 0 . 0030 0.0030 0.0030 0.0200 0.0100 0. 0100 0.0100 0.0000 0.00 00 0.0100 0.0000 0.0800 
018 0.0000 0.0000 0.000 0 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .000 0 0 .0000 
019 0.0000 0.0000 0.0030 0.003 0 0.0100 0 .0000 0.0100 0.0000 0.0000 0.00 30 0.0000 0. 0300 
020 0 .00 30 0.0030 0 .02 00 0 . 0300 0.0100 0.0000 0.0200 0.0030 0 .0000 0.0100 0.0200 0.1100 
021 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.ouoo 0.0000 0.0000 
022 0.0100 0.0100 0.0100 0.1300 0 .12 00 0.0300 0.0500 0.0000 0.0100 0.0100 0.0600 0.0100 
023 0.0000 0.0000 0.0 000 0.0000 U.0030 0.0000 0.0030 0 . 0000 0.0000 0 .003 0 0.0000 0.0000 
02C 0.0030 0.0000 0.0000 0.0030 0 .0000 0 . 0100 0.0030 0.0000 0.0000 0.0030 0.0000 0.0300 
025 0.0030 0.0030 0.0030 0.0030 0.0100 0.0030 0.0030 0.0000 0 .003 0 0.0000 0 .0000 0.0100 
026 0.0000 0 .000 0 0 .0 100 0.0200 0.0100 0.0100 0.0000 0.0000 0.0100 0.0400 0.0500 0. 0100 
027 0 ,003 0 o.oouo O.UJOU 0.0BOO 0.0100 0 .0100 0.00 00 0.0000 0.0000 0.0 300 0 .0900 0 .000 0 
028 0.0030 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 .0000 0 .0000 0 .0 000 0.0000 
029 0.0030 0.0030 0. 0000 0 .000 0 0.0000 0.0000 0 .0000 0 .0030 0.0000 0.0000 0 .000 0 0.0000 
030 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0 .0000 0.0000 
031 U.0000 0.0000 o.oouo o.uooo 0.0000 0. 0000 0.0000 0.0000 0 .0000 0.0000 0.00 00 0.0000 
032 0.0030 0 .000 0 0. 0000 0,0000 0.0000 0.0000 0 .0000 0.0000 U.0000 0.0000 0.0000 0. 0000 
033 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0 .0000 0.0000 0 .0000 0.0000 
0)4 o.o uoo 0 .000 0 0.00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0 .00 00 
OJI 0.0000 0 .0000 0 .003 0 0.0000 0.0000 0.0000 0.0000 0.0030 0 . 0000 0 .0000 0.0000 0.0300 
036 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0 0 . 0000 0.0200 0 .0 000 0 .000 0 0 . 0000 0 .0 000 
037 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0. 0000 0.0000 0.0000 0.0 000 
038 0 .00 00 0 .000 0 0.0000 0.0000 0.0000 0 .0000 0.0000 o .o ouo 0.0000 0.0000 0.0000 0.0000 
039 0.0000 0 .00 00 0 . 0000 0.0000 0 .0000 0 .0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 
oco 0.0000 0.0000 0.0000 0.0800 0 .0000 0.0000 0.0000 0 .0000 0 . 0000 0. 0000 0.0000 0 . 0000 
041 9 . 0000 0.1000 0.0700 0.6100 9.0000 0.4400 0.4600 0.1000 0.4900 0 . 5900 9.0000 9.0000 
LBll95 SPJ SPS SPIC SP18 SP22 SP25 SP41 SPSS SP90 SP160 SP!71 
001 o.oouo 0 . 0000 0 .0000 0.6100 0.0000 0 .0000 0.0000 0.0000 0. 0000 0. 0000 0.2200 0.'100 
002 0 . 0500 0.0000 0 . 0030 0 .070 0 0.0000 0.0000 0.0000 0.00 00 0 .000 0 0 .000 0 0. 2000 0.2300 
003 0.0 000 0.0000 0.0000 0.0200 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0900 0 .0000 
ooc 0 .0000 0.0000 0.0000 0.0300 0 . 0000 0 . 0000 0 . 0000 0 .0000 0.0000 0.0000 0.0200 0 . 0100 
001 0.0000 0 .000 0 0.0030 0.0000 0 . 0000 0.0030 0.0000 0.0000 0.0000 0 .0000 0.0030 0.0030 
006 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 o .oou o 0.0000 0.0000 0.0030 0.0000 
007 0.0000 o.ouoo 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.2000 0 . 0030 
008 0.0000 0.0000 0.0000 0 .00 30 0.0000 0.0030 0.0000 0.0000 0 . 0000 0.0000 0.0030 0.0100 
009 o.ouoo 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 a.woo 0.0000 0.0000 
010 0.0000 0.0000 0.0000 0.0000 0.0000 0 .000 0 0.0000 0 .00 00 0.0000 0 .00 00 0.0000 0.0000 
Oil o.ouoo 0.0000 0.0000 0.0000 0.0000 0.0000 U.0000 0 .0000 0.0000 0.0000 0 .0 030 0.0000 
012 0.5000 0.0000 0.0030 0 .0 200 0.0000 0.1100 0.0000 0.1900 0.3100 0 .0500 0.2300 0.0500 
Oil o.uuoo 0.1600 0.0100 0.0000 0.3600 U.0000 0.0000 0 .000 0 0 .000 0 0.0300 o.oouo 0.0000 
O!C 0.0200 0.0000 0 . 9300 o . 2200 0.0000 0.2100 0.7500 0.5700 0.4100 0.5800 0.0700 0. 1400 
015 0.0000 0.0000 0 .01 00 0.0300 0.0000 0.2700 0.0100 0.1000 o. 1700 0.0200 0 . 0200 0. 0300 
016 0.3400 0.6600 0.00 30 0.0000 o . scoo 0.350 0 0.0300 0 . 0030 0 .000 0 0.0030 0.0000 0 .003 0 
017 0 .0 100 0.0000 0.0030 0.0000 0.0300 0.0100 0.0100 0.0000 0.0000 0.0030 0.0030 0 .0030 
018 0.0000 0.0000 0 .0000 0.0000 0 .00 00 0 . 0000 0.0000 0.0000 0 . 0000 U. 0030 0.0000 0 .003 0 
019 0.0000 0 . 0300 o.ocoo 0.0000 0. 0100 0.0100 0.0030 0 . 0000 0. 0030 0. 0030 0.0000 0.0000 
020 0.0100 0.0300 o.oouo 0.0000 0.0200 0. 0100 0. 0030 0.0000 0.0000 0.0000 0 .003 0 0.0030 
021 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 
022 0.0500 0.0500 0.0200 0.0030 0 . 0200 0.0200 0 . 0300 0.0400 U. 0030 0 .003 0 0. 0030 0. 0030 
1:23 0.0000 0.0030 0.0030 0.0000 0.0000 0 . 0000 0.0030 0 . 0030 0.0030 0.00 30 0.0030 0.0000 
02, 0.0030 0.0030 0.0000 0.0000 0 . 0030 0.0030 0.0030 0.0000 0 .00 00 0.0000 0.0000 0 .00 00 
025 0.0030 0.0030 0.0000 0.0000 0.0030 0.0030 0.0000 0.0000 0.0000 0.0000 0.00 00 0. 0000 
026 0.0100 0.0030 0.00 00 0 .0000 0.0000 0.0030 0.0000 0 .000 0 0.0000 0.0000 0.00 00 0.0000 
027 0.0100 0.0030 o.oouo 0.0000 0.0030 0.0000 0. 0000 0.0000 0. 0000 0.0000 0.0000 0.00 00 
028 0.0000 0.0000 0.0000 0 . 0000 0 .0 000 0.0000 0 . 0000 0.0000 0. 0000 0.0000 0.0030 0.0000 
029 0.0000 0.0000 o.uouo U.0030 0.0000 0.0030 0.0000 0 .00 00 0.0000 0.0000 0.0400 0 .010 0 
030 0.0000 0.0030 0. 0000 0.0000 0 . 0000 0.0000 0.0030 0.0000 o .o ouo 0.0000 0.0000 0.0000 
031 U.0000 0.0000 0.0000 0.0000 0 .00 00 0.0000 0 . 0000 0.00 00 0.00 00 0.0000 0.0000 0.0000 
032 0 . 0000 0 .00 00 0. 0000 0 .0 000 0 . 0000 0.0000 o.oo;:,o 0 .000 0 0. 0000 0.00 00 0.0000 0.0000 
033 u.oouo 0.0000 U.0000 0.0!.100 0 .00 00 0.00 00 0.0000 0 .000 0 0 .0000 0.0000 0 . 0000 o . oouo 
03C 0.0000 0 .000 0 0.0000 o . ouoo 0.0000 0.0000 0 . 1000 0. 0000 0.0000 0.2100 0 .000 0 0. 0000 
OJ; 0.0000 u.uouo 0.0000 0.0000 0.0000 0 .0 030 0.0000 o. oouo 0.0000 o .uuo o 0.0000 U.0000 
036 o.uooo 0.0000 0.0400 0.0000 0.0000 0.0000 0 . 0600 0.1100 0 .080 0 0.0700 0.0000 0 . 0000 
037 u.000 0 u.oouo o.uooo 0.0000 o.ouoo 0 .000 0 0.0000 U.0000 0.0000 0.0000 0.0000 0. 0000 
038 0.0000 0 .00 00 0 .00 00 0.0000 0.00 00 0.0100 0.0000 0.0000 U.000 0 o . ouoo 0.0000 0 . 0000 
039 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0 . 0000 0. 0000 0.0 000 0. 0030 0.0000 0.0000 
040 0.0000 0.0000 0.0000 0.()()00 0.0030 0.0000 0.0000 0. 0000 0 .0000 o. ouoo 0.0030 0. 0000 
041 0.6000 0.9000 9.000 0 0.7600 0 .76 00 0.C800 O. ICOO 0.0300 0 .060 0 0.0600 0.1100 0.0900 
182 
SP231 SP238 SP217 SP302 SPJZO SP331 SPJ40 SP345 SP425 SP430 SPC35 SP442 
001 0.0000 0.0000 0 . 0000 0.0000 0 .00 00 0.0000 0 . 0030 0.0000 0.0000 0.0000 0.0000 0.6300 
002 0.0000 0.0000 0.0000 0 .000 0 0.0000 0.0000 0 . 0200 0.1300 0.3400 0.3400 0. 0200 0.0500 
003 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
004 0. 0000 0.0000 0 . 0000 0.0000 0 . 0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
005 0.0030 0. 0100 0.0030 0.0030 0.0030 0.0000 0.0400 0.0000 0.0100 0.0100 0.0200 0 . 0030 
006 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 
007 0.0000 0 . 0030 0.0000 0.0030 0.0030 0.0000 0.0000 0 .0 000 0.0000 O.Oo.:JO 0.0000 0.0000 
ODIi 0.0030 0.0100 0.0000 u.0000 0.0030 0.0030 0.0100 0.0000 0.0100 0.0100 0 . 0030 0.0030 
009 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0 .0 000 0 . 0000 0.0000 0.0000 0.0000 
010 0.0030 0.0030 0.0030 0 . 0030 0 . 0030 0.0000 0.0030 0.0000 0.0000 0 . 0000 0.0000 0.0000 
011 0.0030 0.0030 0.0030 0.0030 0.0000 0 . 0000 0.0030 0 .0 000 0.0000 0.0000 0.0000 0.0000 
012 o. 9500 0.9400 0 . 9100 o. 9300 0.9300 Q.0900 o. 7900 0.1200 0.0000 0 . 0000 o.e100 0.0000 
0!3 0.0000 0.0000 0.0100 0.0000 0.0000 0.0000 0.0000 o . oouo 0.0000 0.0000 0.0200 0 .2500 
01• C.0200 0.0030 0.0300 O.OlCO 0 . 0100 0.2600 0.0000 0.2800 0.2500 0.2500 0 . 0000 C.OOJO 
011 0 . 0100 o.oouo 0.0000 0.0000 0.0000 0.5100 0.0500 0.0900 0.0900 0.0900 0.0500 0.0000 
016 0.0100 0.0200 0.0300 0.0400 0 . 0300 0.1000 0.0500 0.2900 0 .1 600 0.1600 0.03 00 0 .0300 
017 0.0000 0.0000 o . uooo 0.0030 0 .00 00 0.0000 0.0030 0.0030 0.0000 0.0000 0.0030 0.0000 
018 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .000 0 0.0000 
019 0.0000 0.0000 0.0000 0.0030 0.0000 0.0030 0.0030 0.0100 0.0300 0 . 0300 0.0000 0.0030 
020 0.0000 0.0000 0.0000 0.0000 0 .0 000 0.0030 0.0000 0 .0030 0 . 0030 0.0030 0.0030 O.OOJO 
021 0.0000 U. 0000 0.0000 0.0000 0.0000 0 .000 0 0.0000 u.0000 0 .0000 0.0000 0.0000 0.0000 
022 0.0030 0.0030 0.0100 0.0100 0.0200 0.0200 0.0100 0.0300 0.0030 0 .0 030 0.0000 0.0100 
023 0.0000 0 . ()(JQO 0.0000 0.0000 0 .000 0 0 . 0000 0.0030 0.0100 0.0000 0.0000 0.0000 0.0000 
oz• 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0030 0 . 0000 0.0000 
025 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0 . 0000 0.0030 0.0030 0.0000 0.0000 0.0000 
(Il6 0.0000 0.0000 0.0000 U.0000 0.0000 0.0030 o.cxno 0.0030 0.0030 0.0000 0.0030 0.0030 
027 0 .0 000 0.0000 0.0000 0.0030 0.0000 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0000 
oz~ 0 .0 000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .010 0 0 .000 0 0.0030 0.0000 0.0100 
029 0 . 0030 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0. 0000 0.00 00 0.0030 0.0000 0.0000 
030 0.0000 0 .0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0030 0.0000 0.0000 0.0000 0 .0000 
031 0 .0000 0.0000 0 .000 0 0.0000 0.0000 0.0000 0.0 000 0. 0000 0. 0000 0.0000 0.0000 0.0000 
032 0.0000 0.0000 0.0000 0 .000 0 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 o. 0000 0.0000 
033 0 .0000 0.0000 0.0000 0 .000 0 0.0000 0.0000 0 .000 0 0.0000 0.0030 0.0000 0 . 0000 0.0000 
OJ• 0 .0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 00 0.0000 
035 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .000 0 0.0000 0.0000 0.0000 0 . 0000 0 .000 0 
036 0.0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0 .0 000 0 .000 0 0.0000 0.0000 0 .0000 
037 0.0000 0.0030 0.0030 0 . 0030 0.0100 0.0000 0.0030 o.oouo 0.0000 0.0000 0.0030 0.0000 
038 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .00 00 0.0000 0.0000 0.0000 
039 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0 . 0000 0.0000 
040 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.oouo 0.0000 0 .0000 0.0000 
041 9 . 0000 0.1900 0.2400 9.0000 9.0000 0.4300 0.2500 0.4900 0.3000 0.3800 0.2600 0.1400 
SPU7 SP4~4 SP458 SP465 SP•BO SP•SB SP,95 SP509 SP512 SPl'1 SP543 SP!:95 
001 0.1100 0.0000 0.0000 0.5500 0.0000 0.0700 0 . 1600 0.4000 0 . 4600 0 . 4900 0 . 0300 0.0200 
002 0.0400 0.0030 o.uooo 0.0400 0.0500 0.0200 0.0600 0.0500 0.1100 0.1900 0. 2200 0.0200 
003 0.0000 0.0000 0.0000 0.0100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
ouc 0.0000 0 .0000 0.0000 0 . 0030 0 .000 0 0.0100 0.0300 0.0030 0.0100 0.0000 0.0000 0.0000 
005 0.0030 0.0000 0.0000 0.0400 0.0030 0 .) 000 0.0300 0.3000 0.0900 0.0100 0.0200 0 .05 00 
006 0.0000 0.0000 0.0000 0.0030 o.uooo 0.0300 0.0000 0.0030 0.0030 0.0000 0.0000 0.0700 
007 0.0000 0.0000 0 .0 000 0.0300 0.0000 0.1900 0 . 0030 0.0100 0.0800 0.0000 0.0000 0.2600 
008 0.0030 0.0000 0 .000 0 0.0030 0.0000 0.0030 0.0700 0.0030 0.0030 0 .0 200 0 . 0200 0.0000 
009 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 .0 030 0.0000 0 . 00)0 0.0030 0.0030 0.0000 0.0000 
010 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
011 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0030 0.0030 0.0030 0.0000 0 . 0000 
012 0.7000 0.5000 0.3700 0.0600 o.;ooo 0 .0030 0.0000 0.1000 0.0700 0.0000 0.0200 0.3000 
013 0.0000 0.0000 0 .0 000 0.0000 0 . 0000 0.1100 0.0030 0.0000 0.0000 0 . 0000 0.0000 0.0000 
01, 0 . 0600 0.1700 0.3400 0.1600 0.1600 0.2300 0.1700 0.2000 0.1000 0.0200 0.2900 0.2200 
Oll 0.0300 0.1000 0.0700 0.0800 0.0600 0.0000 0.1000 0.0000 0.0700 0 . 2100 0.0100 0.0 700 
016 0.0400 0 .210 0 0.0100 0.0030 0.2000 0.0030 0.0030 0.0000 0.00 30 0.0200 0.2900 0.0030 
017 0.0030 0.0030 0.0300 0 .000 0 0 .00 00 0.0030 0.0000 0 .000 0 0.0000 0 .0100 0.01 00 0.0000 
018 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .00 00 0.0000 0.0030 0 .000 0 0.0 030 
019 0.0030 0.0030 0 . 0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0000 
020 0.0000 0.0100 0.0030 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.003 0 0.0400 0.0000 
021 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0 .00 00 0.0000 0 . 0000 0.0000 0.0000 0.0000 
022 0.0100 0.0100 0.0030 0.0030 0.0300 0.0030 0.0030 0.0000 0.0030 0.0100 0 . 0100 0.0030 
023 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0030 0 . 0030 
02, 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 .00 00 0.0000 0.0000 0 . 0000 0.0000 
021 0.0030 0.0000 0.0000 0.0000 0.0030 0 . 0000 0.0000 0.0000 0 .000 0 0.0000 0.0030 o.oouo 
026 0.0100 0 .00 30 0.0100 0. 0000 0.0030 0.0000 0.0000 o . 0000 0.0000 0. 0030 0.0100 O.OOJO 
027 0.0030 0.0030 0.0030 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0 .000 0 0.0030 0 .0030 
026 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0 000 
029 0.0000 0.0100 O.UOJO 0.0000 0.0030 0.0030 U.0000 0.0030 0.0030 o.ouuo 0.0000 0 .0030 
030 0.0000 0.0000 0.0000 0.0000 0.0000 o.uooo 0.0000 0.0000 0.0000 0.00 00 0 .00 00 0.0000 
OJI 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
032 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.uooo 0 .000 0 0.00 00 
033 0 . 0000 0 .0 000 0.0000 0.0000 0 .0 030 0.0000 0.0000 0.0030 0.0030 0.0000 0.0000 O.OOJO 
OJC 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0 .000 0 0.0000 0 . 0000 0.0000 
031 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .00 00 0.0000 0.0000 0.0000 0.0000 
036 0.0000 0.0000 0.1100 0.0000 0.0000 0.0000 0.0000 o.oouo 0.0000 0.0000 0.0000 0.00 00 
OJI 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0 0 .00 00 0.0000 0.0000 
038 0.0100 0.0000 0.0000 0.0030 0.0000 0.0200 0 .000 0 0.0000 0.0000 0.0000 C.0000 0.0000 
039 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
040 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.00 00 0.0000 0.0000 0.0000 0.0000 0.0030 
041 0.2500 0.'300 0.2400 o. 1700 0 .3 600 0.1000 0.2400 0.1100 0.1300 o. 1700 0.4100 0.2200 
183 
SP5>4 SP565 SP621 SP622 SP632 SP6CS SP694 SP695 SP696 SP710 SP711 SP722 
001 0 . 4100 o.uo30 0 .6 100 0.6IOO O.JUOO 0.0030 o.oaoo 0.0200 0 .003 0 0. 0200 0.0 200 o.uu:.iJ 
002 0.0100 0 . 0300 U.0400 0 . 0400 0 . 0500 0.0300 0.0100 0 . 0030 0 .040 0 0.0900 0 .0900 0.1400 
003 o.oouo 0.0100 0.0000 U.0030 0.0030 0.0000 0 . 0000 o .oouo 0 .0000 0 . 0000 0.0000 0.0000 
004 0.0000 0.0000 0 . 0000 0 . 0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 
001 0.0400 0.1 100 0.0030 O.OIOU 0. 1000 0.0I UO 0.0700 0 .0200 0.0lUO 0. 0200 0.0200 0. 0030 
OC6 0 .U200 0 .0 600 0.0000 o .uo oo 0 .01 00 0.0100 0.1100 0 .0030 0.0030 0.0000 0.0000 0. 0000 
007 0.1700 0.1300 0 .000 0 0.0800 0 .030 0 0.0300 0.3800 0 . 1000 o.ouoo 0 .030 0 0.0200 0.0000 
008 0.0000 0.0030 0.0030 0.0000 0.0000 0.0030 0.0030 0.0000 0.0030 0.0000 0.0000 0.0000 
009 0.1700 0.0100 o.uouo 0.0000 0.2200 0.0100 0.0000 0.0000 0 .000 0 0.0000 0.0000 0.00 00 
010 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Oll 0 .003 0 0.0030 0 .000 0 0.0000 0 . 0030 0.0030 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 
012 0 . 0600 0.5900 0.0030 0.0400 0.0600 0.7800 0.0200 0.0030 0.1200 0 .1 600 0.0000 O. lUOO 
013 0.0100 0 . 0000 0.2400 0 , 0000 0.0000 0.0000 0.0000 0 . 1900 0 . 0000 0.0000 0.0000 0 .0000 
014 0 .1 000 0.0400 0.0000 0 .1300 0.2000 0.0400 0.2800 0.1400 0.0700 0.2400 0.2200 0.2100 
015 0.0000 0.0000 0 . 0300 0.0000 0.0200 0.0000 0.0300 0.0000 0.4700 0.0000 0.0000 0.1600 
016 0.0030 0.0030 0.0400 0 , 0000 0.0000 0.0030 0.0100 0.0800 0.2300 0.4100 0.4100 0.)600 
017 0.0000 0.0000 0.0030 0.0000 0.0000 0.0030 0.0000 0.0030 0.0100 0.0030 0.0030 0.00 ) 0 
018 0.0000 0.0000 0.0000 0 . 0000 0.0 000 0.0030 0.0030 o. 3900 0.0030 0.0030 o.uooo U.000 0 
019 0 .0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0030 0.0030 0.0000 0 .0 000 
020 0 . 0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0 .00 30 0.0000 0.0000 0 .000 0 
021 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0000 0 .0000 0.0000 
022 0.0000 0.0000 0 .003 0 0.0030 0.0030 0.0100 0.0030 0.0100 0 . 0300 0.0030 0.0030 0.0100 
023 0 .00 00 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0 . 0000 0.0000 0.0000 0.0000 0. 0000 
024 0 .000 0 0.0000 0.0000 0 .0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 .0030 0 .00 30 0.0030 
025 0 .00)0 0.0000 0.00 30 0.0000 0.0000 0.0000 0.0030 0.0030 0 .00 00 0 .0030 0 .0030 0.0030 
026 0.0000 0.0000 0.0030 0. 0030 0.0000 0 .0000 0.0000 0 . 0030 0.0100 0.0030 0.00)0 0.0100 
027 0.0000 0.0000 0.0030 0 . 0000 0 .0 030 0 .0 000 0.0030 0.0100 0.0030 0 .0000 0 .0030 0.0100 
028 0.0000 0.0000 0 .000 0 0.0000 U.0000 0. 0000 0.0000 0. 0000 0.0000 0.0000 0. 0000 0.0 000 
029 0.0100 0.0000 0.0030 0.0030 0.0030 0.0030 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 
030 0. 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
031 0.0000 0.0000 0.0000 0 .00 00 0.0000 0.0000 0.0030 0 .0000 0 .0000 0.0000 0.0 000 0.0000 
032 0.0000 0.0000 0.0000 o.oo uo 0.0000 0.00 00 0.0000 0.0000 U.0000 0 .0000 0.0000 o.oouo 
033 0.00)0 0 . 0000 0.0000 0.0000 O.UOJO 0. 0000 0.0000 0 .000 0 0.0030 0.0030 0.0000 o.uooo 
034 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0030 0 . 0000 
035 o.uooo 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 o. oouo 0.0000 U.00 00 
0)6 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 .0 000 0. 0000 0.0000 o.ouoo 0.0000 0 .00 00 
037 0.0000 0 . 0000 o .uoo o 0.0000 0.0000 0.0000 0 . 0000 0 .0000 0.0000 o . uooo 0.000 0 o . ouoo 
038 0 . 0000 0.0100 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 000 0.0000 o.oo:xi 
039 0 . 0000 0.0000 0 .000 0 0.0000 0.0000 0 .00 00 0.0000 o.oouo 0.0000 0.0000 0.0000 0.0000 
040 0.0030 0.0000 0.0000 0.0000 0.0030 0.0000 0 .0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 
041 0.2 700 0.)500 0.2100 0.220 0 9.0000 0.3000 0.)200 0.5700 0.)900 0.5900 O.IBllO 9.0000 
SP7J3 SP805 SP808 SP810 SP870 SP903 SP911 SP915 SP921 SP970-1 S,970-1 CC2 
001 0.0030 0.>400 0.6100 0.6800 0 .7000 0. 7000 0.6300 0.6000 0.6400 0 .0 900 0. 6700 0.0000 
002 0.1400 0.0200 0.0300 0.0600 0.0800 0 .0100 0.0100 0.0100 0.0400 0.1 900 0. 0500 0. 0000 
003 0.0000 0.0000 o.uooo 0.0100 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 
004 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0 .0 030 0 .003 0 0 . 0000 0.0000 0.0000 
005 0.0000 U.OOJO 0 .0030 0.0030 0 .00) 0 0 .010 0 0 . 0000 0.0200 0.00)0 0.0100 0. 00)0 0.0000 
006 0 . 0000 0.0000 0.0000 0.00)0 0.0000 0.000 0 0.0000 0.00 00 0 .000 0 0 . 0000 0.0000 0.0000 
007 0.0000 0.0000 0.0000 0.0200 0 .03 00 0.0100 0.0030 0.00 )0 0.0200 0.00)0 0.0030 0. 0000 
008 o.uooo 0.01 00 0.0100 0.0000 0.0000 0.0000 0.0030 o .oco o 0.0000 0 . 0030 0.0030 0 .0000 
009 0 .00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0030 0.0030 0.0030 0. 0000 0 .0000 
010 o .oo ou 0.0000 0 .000 0 0.0000 0 .0000 0.0000 0.00 00 0 .000 0 0.0000 0.0000 0.000 0 0 . 0000 
Oil 0 . 0000 0 . 0030 0.0000 0.0000 0.0030 0.0030 0 . 0000 0.0000 0.0030 0.0030 0.0030 0.0000 
012 0.1000 0.0200 0.0400 0.0000 0 . 0030 0.0100 0. 0000 0.0000 0.0030 0.1000 0.0030 0.0000 
013 0.0000 0.0000 0.0000 0.2000 0. 1800 0.1400 0.)100 0.3200 0.2900 0. 0000 0. 2,00 0 .2000 
014 0.2 100 0.1200 0.0900 0 . 0000 0.0000 0.0000 u.0000 0 .000 0 0.0000 0 .200 0 0.0000 0 .0000 
011 0.1600 0 .0 400 0.0600 0 . 0000 0 .0 000 0.0000 0.0030 0.0000 0.0000 0.0400 0 .00 00 0 .0000. 
016 0.3600 0. 2200 0 . 1100 0.0200 0.0200 0.0700 o . ouoo 0.0100 0.0100 0 . 3100 0 . 0300 0 .3000 
017 0.0030 0.0030 0 .0 030 0.0030 0 . 0030 0.00)0 0.0030 0.00)0 0 .00 30 0.0400 0.0030 0.0030 
018 o.uuoo U.0000 0.0000 0.0000 0 .00 30 0.0000 U.0030 0 .0030 U.0030 0. 0000 o.oouo o .ouoo 
019 0 . 0030 0 . 0030 0 . 0300 0 . 0000 0.0000 0 . 0030 o.uouo 0.0000 0.0000 0.0030 0.0030 o. 2000 
020 o.ouoo 0.0000 o. ooou 0.0000 0.0000 0 . 0030 0.0000 0 . 0000 0.0030 0.0100 0.0030 0.0800 
Cl11 0.0000 0. 0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0 000 
021 0.00)0 0 .0 100 0 .01 00 0.0030 0 . 0030 0 . 0030 0.0030 0.0030 0 .0 030 0.0100 0 . 0030 0.0700 
023 0.00 30 U. 0000 0.0000 0 . 0030 . 0 . 0030 0.0000 0.0000 0.0000 0 .00 30 0.0000 0.0000 0.0030 
024 0 .00 00 0 . 0000 0.0030 0.0000 0.0000 0.0000 o.ooua 0.0000 0 .0 000 0.0030 0.0000 0.0100 
021 0.0030 0.00)0 0 .003 0 0.0000 0.0030 0.0000 0. 0000 0.0000 0.0 030 0.0030 0.0030 0 . 0100 
016 0 .000 0 0.0030 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0030 0 .0030 0 .0100 
027 0.0000 0,0030 0.0030 0.0000 0.0000 0 .000 0 0.0000 0.0030 0.0000 0.0030 0 .0000 0.0400 
028 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 o.ocoo 0.0000 0.0000 0 .00 00 0.0000 
029 0.0000 0.0000 0. 0000 0 . 0030 0 .000 0 0.0000 0.0030 0.0030 0.0030 0.0000 0.0030 0.0000 
030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
031 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
031 0.0000 0.0000 0 .000 0 0 .00 00 0 .00 00 0.0000 0.0000 0 ,000 0 0.0000 o.oouo 0 . 0000 0.0000 
033 0.0030 0.0030 0.0000 0.0030 0.0030 0.00 00 0.0030 0.0000 0.0030 0.0000 0 .003 0 0.0000 
03C 0.0000 U. OUJO 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.00)0 o.aouo 0 . 0000 
035 0.0000 0.00 00 0.0000 0.0000 0 .0 000 0.0000 0.0000 0.0000 0.0000 o .o uoo 0.0000 o . 0600 
036 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00)0 0.0000 
037 o .ouo o 0.0000 0.0000 o.ouoo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
038 0.0000 0 .0 000 0.0000 0.0000 0.0000 o. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
039 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
040 0.0000 o.ouoo 0.0000 o.uooo 0 .00 00 0 .000 0 o.ouoo 0 .000 0 0.0000 0.0000 0.0000 0.0000 
041 9.00 00 0.3200 0.)600 0 .130 0 0.1)00 0.1)00 0.0600 0 .110 0 0.4900 9.0000 9.0000 0.8900 
184 
CCI cc• CC6 CC9 CCIO CC15 CC22 CC25 CC31 CC34 CC41 cc« 
001 o.ocoo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.oooc 0.0000 0.0000 0.0000 
002 0.0000 0.0000 0.0000 0.0000 0.0000 o.ococ 0.0000 0.0000 0.0000 0.0000 0.0000 0.00:xl 
003 0.0000 0.0000 0.0000 0.0000 o.ocoo 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
004 0.0000 0.0000 0.0000 o.oooc 0.0000 0.0000 o.oooc 0.0000 0.0000 0.0000 0.0000 0.0000 
005 0.0000 0.0000 o.ocoo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0 
006 o.oooc 0.0000 0.0000 0.0000 o.ocoo o.ocoo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Cl.II 0 . 0000 o.ocoo 0.0000 0.0000 o.ocoo 0.0000 0.0000 0.0000 0 . 0000 0.0000 o.ocoo 0.0000 
008 0.0000 0.0000 0.0000 o.oooc 0 . 0000 0.0000 o.ocoo 0.0000 o.ocoo 0.0000 o.oooc 0.0000 
009 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
010 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 
011 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.ocoo 0.0000 
012 0.0000 0.0000 0.0000 0.0000 0.0000 o.oooc 0.0000 0.0000 0.0000 o.ocoo 0.0000 0.2200 
013 0.2600 0.0600 0.3800 0.1300 0 . 0300 0 . 1500 0.2000 0.!80C 0.0400 0 . 2000 0.3400 0.0400 
014 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 c.ocoo 0.0000 0.0000 0.0000 0.0700 
0!5 0.0000 0.0000 0.0000 o.oooc 0.0000 0.0000 0.0000 o . ocoo 0.0000 0.0000 0.0000 0.0400 
016 0.4400 0.4300 0.3200 0.4800 0.4100 0.3400 0.3500 0.3900 0.3900 0.4000 0.3100 0.2100 
017 0.0100 0.0500 0.0100 0.0100 0.0300 0.0100 0.0100 0.0100 0.0100 0.0300 0.0500 0.0700 
018 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 o.ocoo 0.0000 0.0200 
019 0.0700 0.1800 0.1100 0.1800 0.1300 0.1800 0.1500 0.1500 0.1300 0.1000 0.1000 0.0800 
020 0.0400 0.0600 0.0200 0.0500 0.0500 0.0800 0. 0700 0.0600 0.0300 0 . 0500 0.0600 0.05 00 
021 0.0300 0.0000 0.0200 0.0000 0.0000 0.0500 0.0500 0.0400 0.0800 0.0200 0.0300 0.0500 
022 O.OlOO 0.1400 0.0700 0.0900 0.1800 0.0500 . 0.0600 0.0600 0.1900 0.0800 0.0300 0 . 0700 
023 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 
0?4 0.0100 0.0200 0.0100 0.0100 0.0100 0.0200 0.0200 0.0300 0.0200 0.0030 0 . 0100 0.0030 
025 C.OOJO 0.0100 o.o:oo O.OlCO 0.0100 0 . 0300 0. 0300 0.0300 0.0300 0.0100 0.0200 0 . 0200 
026 0.0200 0.0000 0. 0030 0.0030 0.0030 0.0100 0.0000 0.0000 0 . 0000 0.0400 0.0100 0.0000 
027 0.0900 0.0000 0.01 00 0.0200 0 . 0000 0. 0600 0.0300 0.0200 0.0400 0.0500 0 . 0000 0 . 0100 
028 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 
029 0 . 0000 0.1000 0 . 0000 0.0800 0.1000 0.0000 0.0000 Q.0000 0.0000 0.0000 0.0000 0.00 00 
030 0.0000 0.0100 0.0030 0.0000 0.0000 0.0000 o.ocoo 0.0000 0.0100 0.0000 0.00 30 0 . 0000 
031 0 . 0000 . 0.0 000 o.ocoo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0 .0000 
032 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 
033 0.0000 0.0000 0.0 000 0.00 00 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0. 0000 0 . 0000 
034 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0. 0000 0 . 0000 0 . 0000 0. 0000 
035 0 .0 100 0.0300 0 . 0100 0.0200 0.0300 0 . 0200 0.0300 0.0300 0.0200 0.0200 0.04 00 0 .0400 
036 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 000 0 . 0300 
037 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
038 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
039 0.0030 0.0000 0 . 0000 0 . 0000 0.0030 0.0000 0. 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 
040 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 
041 O.H300 0.9600 0.8600 0 . 9500 0.8800 0.9200 0.8800 0.9400 0.9100 0.8900 0 . 7400 9.0000 
CCU CC45 CCIOO CCIOI CC102 CC103 CC106 CC107 CCIIJ CC114 CCIII CCl19 
001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 2800 0 . 0400 0 . 5300 
002 0.0000 0.0000 0.0300 0.0000 0.0100 0 . 0000 0.0800 o . ocoo 0. 3~00 0.0400 0.3500 0.04 00 
003 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0100 
004 0.0000 0.0000 0.0000 o.uooo 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0400 0.0000 0 . 0000 
005 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0400 0.0000 0.0 300 
006 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0 . 0000 
007 0.0000 0.0000 0.0000 0.0000 o.ocoo 0.0000 0.0000 0.0000 0.0000 0.0800 0.0000 0 . 0100 
008 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0200 0.0000 0.0100 
009 0.0000 0.0000 0.0000 0.0000 0.0000 o . ocoo 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 
010 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 
011 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
012 0.3000 0.1000 0 . 5000 0.2800 0.5500 0.9200 0.0200 0.0100 0.1400 0.2900 0.1000 0. 0000 
013 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0600 0.0100 0.0000 0.0000 0 . 0000 0.2600 
014 0.3500 0.7000 0.3000 0.4000 0 . 1600 0.0400 0. 0000 0.0000 0 . 0600 0.0500 0.0600 0 . 0000 
015 0.0000 0.0500 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
016 0.0100 0.0100 0.0100 0.1300 0.0500 0.0300 0.0200 0.0000 0.2600 0.1000 0.2600 0 . 0400 
017 0.0000 0.0000 0.0100 0.0030 0 . 0100 0.0000 0.7(00 0 . 8000 0.0200 0.0100 0.0200 0.0100 
018 0.0000 0.0000 0.0000 0.0200 0.0000 0.0000 0.0000 0.0000 0.0000 0.0100 0.0000 0.0000 
O!~ 0.0030 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0 . 0030 0.0000 0.0030 
020 0.0000 0.0000 0.0100 0.0400 0.0100 0.0000 0.0030 0.0000 0.0900 0.0400 0 . 0900 0.0100 
021 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 
022 0.0200 0.0000 0.0300 0.0200 0.0500 0.0100 0. 0200 0 . 0800 0.0100 0.0500 0.0100 0.2000 
023 0.0000 u.oouo 0.0030 0.0030 0 . 0000 0.0030 0.0030 0.0030 0.0000 0 . 0030 0.0000 0.0000 
024 0.0000 0.0000 0.0000 0.0030 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0030 0.0030 0 . 0000 
025 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0000 0. 0300 
016 0.0000 0.0000 0.0000 0.0030 0.0100 0.0030 0.0030 0.0300 0.0300 0 . 0000 0.0300 0.0300 
027 O.UOlKJ 0.0000 0.0000 0 . 0030 0.0100 0.0030 0.0030 0.0000 0.0200 0 . 0030 0.0200 0.0000 
028 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
029 0.0000 0.0200 0.0400 0.0300 0.0100 0.0000 o.oouo 0.0000 0.0200 0.0200 0.0200 0. 1000 
OJO 0.0000 0.0000 0.0000 0.0000 0.0400 0.0000 0.0000 0.0000 0.0030 0. 0030 0.0030 0.1000 
031 0.0000 0.0000 0.0000 0.0000 0 . 0200 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 
032 0.0000 o.uooo 0.0000 0.0000 0.0100 0.0000 0.0000 0.0000 0.0000 0.0100 0.0000 0.00 00 
033 0.0000 0. 0000 0.0030 0.0600 0.0000 0.0000 0 . 0200 0.0030 0.0000 0.0000 0.0000 0.0000 
oi, 0.0000 u.oouo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 000 
035 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0300 
036 0.3600 o . 1200 o.ouoo 0.0000 0. 0000 0.0000 0. 0000 0.0000 0.0000 o . ouoo 0.0000 0 .0000 
037 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 o . oouo 0.0000 
038 u.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0~9 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0 . 0000 o.ouoo 0.0000 0 . 0000 0. 0000 
040 0.0000 0 . 0000 0.0000 0. 0000 0.0000 0 . 0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.00 00 
041 0.0600 0.0400 0.2300 0.6400 0.3500 0.1400 0.8900 0. 9800 0.7600 0.3900 0.7000 0.1900 
185 
CC124 CC137 CC140 CC142 tel62 CC165 tel70 CC183 CC185 CC200 CC208 CC210 
001 0.4000 0 . 4400 0 . 4300 0 .00 00 0.0100 0.0000 0.0000 0.0200 0.0100 0 . 0000 0.0000 0 .00 00 
002 0.0400 0.0500 0.0300 0.0100 0 . 1200 0.0000 0.0000 0.0100 0.0200 0.0000 0. !100 o.o aoo 
003 o .o ;oo 0.0000 0.0000 0.0000 0.0300 0.0500 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
004 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 
1))5 0.0400 0 .050 0 0.0200 0. 0000 0.1700 0 .16 00 0.0300 0.0400 0.0600 0 .0 100 0.0900 0.01 00 
006 0.0000 0.0000 0.0000 0.0000 0 .0600 0.0500 0.0000 0.0300 o. 1300 0.0000 0.0000 0.0000 
007 0.0300 0.0000 0 .0 100 0.0000 0.1500 0.1200 0.0500 0.0300 0.1400 0.0200 0.0400 0.0200 
008 0.0000 0.0100 0.0000 0.0000 0.0200 0.0200 0.0100 0 .01 00 0 . 0100 0.0000 0.0030 0.0000 
009 0.0000 0 . 0100 0 .0000 0 .000 0 0 .00 30 _0.0300 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
010 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0 000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0200 
Oil 0.0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0000 0.0000 0.0030 0.0000 0.0030 0.0000 
012 0.0100 0.0000 0.0400 0.0000 0 . 0300 0.3000 0.8000 0.6800 0.1•00 0.7600 o.•ooo o. 7200 
013 0.2100 0.2100 0.2000 0.4900 0.0000 0.0000 0.0000 0.0000 0.0200 0.0000 0.0000 0.0000 
014 0.0400 0 . 0000 0.0200 0.0000 0.2700 0.1000 0.0300 0.0200 0 . 4000 0.0000 0.0000 0 . 0300 
01> 0.0000 o.uooo o.uooo 0 . 0000 0.0000 U.0000 0. 0030 0.0000 0.0000 0.0000 0.0000 0.0000 
016 0.0800 U.!!)00 0.1100 0,3700 0.0900 0.0800 0.0000 0 .1 000 0.0200 0.1100 0 . 1900 0.0700 
017 0.0000 0.0030 0.0000 0.0100 0.0000 0.0030 0.0000 0.0100 0.0000 0.0100 0.0100 0.0030 
018 o.oouo 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0100 0.0000 0 . 0000 0.0000 0.0000 0 .0000 
019 0 . 0100 0.0030 0.0030 0.0030 0.0000 0.0030 0 .0000 0.0100 0.0000 0.0200 0.0100 0.0 100 
020 0.0000 0 . 0400 0. 0500 0.0200 0 . 0100 0.0300 0.0000 0.0000 0.0030 0.0100 0 .010 0 0.0030 
021 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0. 0000 0.0000 0.0000 
022 0.0500 0 . 0300 0.0300 0.0300 0.0500 0.0500 0.0100 0.0300 0.0100 0.0300 0.0300 0.0200 
023 0.0030 0.0030 0.0030 o.ouoo 0.0030 0.0000 0.0000 0 .0 030 0 .00 00 0.0000 0.0000 O.OCJO 
oz• 0.0000 0.0030 0.0030 0.0200 0.0000 0.0000 0.0000 0.0030 C.0000 0.0000 0.0000 0.0000 
025 0.0030 0.0030 0.0100 0 .0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0030 0.0030 0.0030 
026 0.0000 0 .0000 0.0100 0 .0200 0.0000 0 .00 30 0.0100 0.0030 o.ooco 0 .01 00 0.0100 0.0030 
027 0 .0 030 0.0030 0. 0100 0 .03 00 0.0030 0.0030 0.0100 0.0030 0.0000 0 .0200 C.0200 o.a100 
02S 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0400 0.0000 0.0100 0.0000 0.0000 0.0000 
029 0.0100 0.0000 0.0100 0.0000 0 . 0030 0 .0000 0.0000 0.0100 0.0030 0.0000 0 .0000 0.0000 
030 0.0300 0 . 0100 0 .00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0 .000 0 0.0000 
031 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
032 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
033 0 .0000 0 .0030 0.0100 0 .0000 0.0030 0.0030 0.0000 0.0030 0 .030 0 0.0030 0. 0000 0.0000 
034 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
035 0.0000 0.0000 u.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 
036 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 o.ouoo 0.0000 0.0000 0.0000 0 .0 000 0.0000 
037 0.0000 0 .000 0 0.0000 0.0000 0.0000 0.0000 0. 0030 0.0000 0.0000 0.0030 0.0000 0.0100 
038 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 .00 00 0.0000 0.0000 0.0000 0.0000 
039 0.0000 · 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .000 0 0.0000 
040 0.0000 0.0000 0.0000 0.0000 0.0200 0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 
041 0.3100 0.3100 0.2700 0.6500 0.1900 0.3700 0.3100 0 . 4400 0.1!00 9.0000 0.3 100 0.25 00 
CC285 CC334 CC380 CC400 cc•sa CC462 CC471 CC503 CC511 CC512 CC524 CC576 
001 0.0000 0 .000 0 0.0000 0.0000 o.uooo 0 .000 0 0.0000 0.0000 0. 1700 O. SBOO 0. 1000 0.0200 
002 0. 0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0400 0.0700 0.3500 o. 1400 
003 0 .0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0. 0000 0.0600 0 .0000 0 .000 0 0.0000 
004 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .003 0 0.00 00 0.0000 
005 0.0100 0.0030 0 .00 00 0.0100 0.0030 0.0000 0 .0000 0.0000 0.0300 0 .0100 0.0030 0.0030 
006 0.0000 0.0000 0 .000 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
007 0 .0 000 0 .003 0 0.0030 0.0000 0.0000 0 .00 00 0.0030 0.0000 0.0400 0.0100 0 .0000 0 .0000 
OOH 0.0000 0.00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0100 0.0000 0.0000 0.0000 
009 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 00 0 .00 00 0.0000 0.0000 0.0000 0.0000 
010 0.0000 0.0000 0.0030 0 . 0030 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
O!l 0.0100 0.0000 0.0000 0.0000 0.0030 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
012 0 .87 00 o.saoo 0 .9 400 0.9300 0.8900 0 .89 00 0.6200 0.6800 0.3300 0 . 0400 0 .0600 0.3000 
013 0.0000 0.0000 0 .0 000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0 .0 000 0.0000 0 .0000 
014 0.0100 0 .000 0 0.0000 0.0000 0.0000 0.0500 0.0000 0.0100 0.0100 0.2000 0.0700 0.0700 
015 0.0000 0 .0 000 0.0000 0.0000 0.0000 0.0000 0 .0 000 0.0000 0.0000 0 .00 00 0.0000 0.0000 
016 0.0200 0.0500 0.0100 0.0100 0.0500 0.0300 0.2000 0.1700 0.1900 0.0300 0.1900 0.2700 
017 0 . 0000 0 .0 030 0.0000 0.0000 0.0030 0.0000 0.0100 0.0100 0.0100 0 .0 030 0.0400 0.0300 
018 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
019 0 .003 0 0.0030 0.0000 0 .003 0 0.0030 0.0100 0.0400 0.0400 0.0100 0.0100 0. 0400 0.05 00 
020 0.0000 0 .0 030 0.0000 0.0000 0.0030 0 . 0000 0.0100 0.0030 0.0100 0.0030 0.0300 0.0400 
021 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.03UO 0.0000 0.0200 o.uooo 0.0500 0.0000 
022 0.0200 0.0000 0.0100 0.0100 0.0300 0.0200 0 . 0400 0.0300 0.0300 0.0300 0.0300 0.0300 
023 0.0000 0.0000 0.0030 0.0030 0.003 0 0.0000 0.0030 0.0000 0.0000 0.0030 0.0000 0 .0000 
oz• 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0 .010 0 0 .0100 
025 0.0000 0.0000 0.0000 0.0000 0.0000 0 .00 00 0.0000 U.0030 0.0030 0.0030 0.0000 0.03 00 
026 0.0030 0 . 0030 0 .000 0 0 .01 00 0.0100 0.0030 0.0300 0 . 0300 0.0200 0 . 0000 0 .02 00 0 .0 100 
OV 0 . 0100 0.0100 0.0000 0.0030 0.0100 0.0000 0.0200 0.0300 0 .0 200 0.0100 0.0100 0.0030 
028 0.0400 0.0300 0 . 0300 0.0200 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0.000 0 0.0000 
uzg 0.0000 0 .00 00 0.0000 0.0000 0.0000 0.0000 0 .000 0 · 0.0000 0.0000 0.0100 0.0030 0.0000 
030 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 .0000 0 .00 00 0.0000 0.0000 0.0000 0.0000 
OJI 0 .00 00 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 u.0000 0.0000 0.0000 0.0000 
032 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
OJJ 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0030 0.0030 0.0000 0.0000 0.0000 0.0030 0.0000 
034 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .000 0 
OJS 0.0000 0.0100 0.0000 o.uooo 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0 .0030 
036 0.0000 0.0000 0 .000 0 0.0000 0.0000 0.0000 o.oouo 0.0000 0. 0030 0.0000 0.0000 0 .0000 
037 0 .01 00 0.0100 0 .000 0 0.0030 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 038 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 U.0000 0. 0000 
039 0.0000 0.0000 0.0000 0 .000 0 0.0000 0.0000 0 .00 00 0.0000 0.0000 0.0000 0 .000 0 o.ouoo 
0'0 o.ouoo u. 0000 o .ooo u 0.0000 0.0000 0.0000 0.0000 o. 0000 0.0000 0.0000 0.0000 0.0000 
041 o. 3000 0.2900 0.1000 0.2300 0.1600 9.0000 0.5000 0.3500 0.4000 0.1600 0.4000 o. 6800 
186 
CC59• CC615 CC620 CC685 CC696 cc 10, CC708 CC)II CC738 cc1,5 CC775 C790 
001 0.0000 0.0000 0.0000 0.0500 0.0000 0.0000 0 .58 00 0.0000 0.0000 0.0000 0.0000 0.0000 
002 0 .0 100 o.ucoo o.uooo 0.0030 0.0000 0.0000 0.0600 0.0000 0.0000 0.0000 0 .0000 0.0000 
003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
oo, 0.0000 0.0000 0.0000 0.0100 o.uooo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
005 0 . 0100 0 . 0200 0.0500 0.0100 0.0000 0.0000 0.0100 0.0000 0.0000 0.0000 0.000 0 0.0000 
006 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
007 0.0000 0.0300 0.03 00 0 . 0600 0.0000 0 . 0000 0.0000 0 . 0030 0.0000 0.0000 0.0000 0.0000 
008 0.0000 0.0000 0.0000 0.0100 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
009 0.0000 o.ouoo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
010 0.0100 0.0000 0.0030 0.0000 0.0030 0.0000 0.0000 0.0000 0.0030 0.0000 0.0030 0.0000 
011 0.0030 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0030 0.0000 
012 0.8900 0.8300 0.8600 0.8300 0.8200 o . 9200 0.0500 0.7800 0.8200 0.9100 0.7900 0.93.Xl 
013 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 
01, 0.0000 0 . 0100 0.0200 0.0000 0.0000 0.0300 0.2100 0.0000 0.0000 0.0000 0.0000 o.ooro 
015 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
016 0.0200 0.0400 0.0030 0.0100 0.1100 0.0300 0 . 0100 0.1500 0.1000 0.0400 0.0800 0.0100 
017 0.0000 0.0000 0.0030 0.0000 0.0100 0.0000 0.0000 0.0100 0.0000 0.0030 0.0000 0.0000 
018 0 .00 00 0.0000 0.000 0 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 
019 0.0100 0.0030 0. 0000 0.0000 0.0100 0.0000 0.0030 0.0000 0.0100 0.0100 0.0100 0.0030 
czo 0.0030 0 .003 0 0.0000 0.0000 0.0100 0. 0000 0.0000 0.0100 0.0100 0 .0000 0.0100 0.0000 
021 0 . 0000 0.0000 0.0000 0.0000 0.0000 0 .0 000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
022 0 .030 0 0 . 0000 0 .0 200 0.0100 0.0200 0.0200 0.0100 0.0200 0.0400 0.0200 0. 0200 0.0200 
023 0.0000 0.0000 0.0030 0 . 0000 0.0030 0.0000 0.0030 0.0000 0.0030 0.0000 0.0000 0.0030 
024 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
025 0 . 0030 0.0030 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
026 0.0100 0.0100 0.0030 0.0000 0.0lO0 o.oouo 0.0000 0.0300 0. 0200 0.0100 0 . 0200 0.0000 
027 0 . 0100 0 .0 100 0.0000 0 . 0000 0.0100 0.0000 0.0000 0.0030 0.0030 0.0100 0.0100 0 .0000 
028 0.0000 o.usoo 0.0000 0.0100 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0. 0000 0.0000 
029 0.0000 0.0000 0.0000 0.0000 0.0000 0.0100 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 
030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 · 0.0000 0.0000 0.0000 
031 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 000 0.0000 0.0000 
032 o.ouoo 0.0000 0.0000 0.0000 0.0000 0 .0 000 0 . 0000 0.0000 0.0000 0.0000 0.00 00 o.uooo 
033 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0 .0000 0.0000 o.uooo 0. 0000 0.0000 
034 0.0000 0.0000 0. 0000 0 . 0000 0.0000 o.uooo 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 
035 0 .00 00 0. 0000 0.0000 0.0000 0.0000 0 .000 0 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 
U36 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0600 0.0000 u.0000 0.0000 0. 0000 0.0000 
037 0.0000 0.0030 0.0100 0.0030 0.0030 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 .000 0 0.0000 
038 0.0000 0 .00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 
039 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 
040 0.0000 0 .000 0 0.0000 0 .0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0 0.0000 
041 0.1400 0.1800 0.1200 0.1000 0.2600 0.1700 0.0900 0 .2 600 0.3700 9.0000 9. 0000 9.0000 
cc820 CC901 CC922 cc9,1 CCI025 CCI052 CC1191 CCII 92 CC1200 CCl213 CCl223 CCl237 
001 0 . 0000 0 .00 00 0.4300 0 . 0000 0:0000 0.0000 0.0600 0.0100 0.0200 0 . 0000 0 .000 0 0.0030 
002 0 .0 000 0 . 0700 0.03 00 0.0000 0.0000 0.0000 0.0000 0.0600 0.0200 0.0500 0 . 0700 0.0700 
003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.oouo 0.0000 0.00 00 0.0000 
oo, 0.0000 0.0000 0.0000 0.0000 0 .00 00 0.0000 0.0000 0.0000 0.0000 0 .00 00 0.0000 0.0000 
005 O.OIU-0 0.0800 0.0000 0.0100 0 . 0200 0.0000 o.o~oo 0.0100 0.0000 0.0030 0 .000 0 0.0000 
006 0.0000 0.0000 0.0030 0 . 0000 0.0000 0 .00 00 0 . 0100 o.ouoo 0.0000 0.0000 0.0000 0 .0000 QJ7 0.0000 0.1300 0 .01 00 0.0000 0.0000 0.0000 0.3000 0.0100 0.0000 0.0000 0 . 0000 0.0000 
008 0.0000 0.0000 0.0200 0.0000 0.0030 0.0000 0.0000 0.0000 0.0100 0.0000 0.0000 o . ooro 
009 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0 . 0000 0.OOU-O 
010 o.ouoo 0.0100 0.00 00 0.0000 0.0030 0.0030 0. 0000 0 . 0000 0.0000 0.0000 0. 0000 0 . 0000 
Oil 0.0000 0.0000 0.0000 0 . 0000 0. 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0 000 0.0000 
012 0.8700 0.3400 0.0000 0.8400 0.8900 0.0400 0.0800 0.,200 0.1800 0.1000 O.l/900 0.1200 
013 0.0000 0 .000 0 0 . 4600 0.0000 0 . 0000 0 .0 000 o. 3400 0 . 0000 0.0000 0.0000 0.0000 o.oo:xi 
014 0.0000 0.0600 0.0000 0.0000 0.0000 0.0600 0.0000 0.!000 0.2700 0.3300 0 .380 0 0.4100 
015 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.tooo 0 .0000 
016 0 . 0200 0.0600 0 .0 500 0.0600 0.0400 0.0400 0.0400 0.1700 0.220 0 0.2200 0.1900 0.2200 
017 0.0000 0.0100 0.0030 0.0030 0.0030 0.0000 0.0000 0.0100 0.0500 0 .05 00 0.0400 0.0300 
018 o.oouo 0.0000 0.000 0 0 . 0000 0.0000 0 .000 0 0.0000 o.uooo 0.0000 0.0000 0.0000 0 .0000 
019 0.0000 o.o400 0 .0000 0.0030 0.0030 0.0030 0.0200 0 .01 00 0 .050 0 o.o~ 0 .050 0 0 . 0200 
020 0.0030 0.0030 0 .00 30 0.0030 O.OJCO 0.0100 0.0100 0.0300 0.0400 0.0400 0.0400 0.030 0 
021 0.0000 0 .0 030 0.0000 0 .000 0 0.0000 0.0100 0.0000 0 . 0000 0.0300 0.0200 0.0400 0. 0500 
022 0.0000 0 .00 30 0.0100 0 . 0300 0.0300 0.0200 0.0200 0.0700 0.0600 0.0400 0.0200 0.0300 
023 0.0000 0.0000 0.0000 0.0030 0.0030 0 . 0030 0.0030 0.0030 0.0030 0 . 0030 0 .003 0 0 .00 30 
024 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0030 0.0000 0.0030 0.0100 0.0030 
025 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0100 0.0030 0.0030 0.0030 0.0200 
026 0.0030 0.0100 0.0200 0.0000 0.0100 0.0100 0.0030 0.0400 0.0200 0.0200 0.0200 0.0300 
027 0.0000 0.0030 0.0100 0 . 0100 0.0000 0.0030 0.0030 0.0200 0.0100 0.0100 0.0100 0 . 0100 
028 0.0000 0.0200 0.0200 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 
029 0.0000 0 .000 0 0.0000 0.0000 0.0000 0.0100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
030 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0100 0 .0 100 0.0100 0.0000 
031 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0 000 0.0000 0.0000 0.0000 0 .00 00 
032 0.0000 0.0000 0.0000 0 . 0000 0.0000 0. 0000 0.0000 0 . 0000 0.0000 0. 0000 0.0000 0 .0000 
033 0 . 0000 0.0030 0.0200 0 .0 100 0. 0000 0.UOJO 0.0030 0 .010 0 0.0000 0.0000 0 .00 00 0.0000 
OJ• 0.0000 0.0000 0.0000 o .o ouo 0.0000 0 .0 000 0 . 0000 0.0000 0.0000 0 . 0200 0.0000 0.00:xl 
035 0.0000 0.0000 0.0000 0 .000 0 0 .00 00 o.ouuo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
036 0.0000 0.0000 0.0000 0 .000 0 0.0000 o . 0000 0.0100 o. 0000 0.0000 0.0000 0.0000 0.0000 
037 0.0030 0. 0030 0.0030 0.0000 0.0030 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
038 0 .00 00 0.0000 0 . 0000 0.0000 0.00:xl 0.0000 0.0000 0.0000 0.0000 0.0000 0 .000 0 0.0000 
039 o.uooo 0.0000 0.0000 0 .000 0 u.0000 o.oouo 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 
040 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0 000 0. 0000 o. occo 
041 9.0000 9.0000 0.3700 9. 0000 9.0000 9.0000 0.1700 9.0000 0 . 6200 0.7100 0.6700 0.0100 
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Explanation 
The members and associated facies of the Twin Creek Limestone are 
displayed in Plate 1. The Roman numerals and the solid pattern corres-
pond to facies (I = Outer Shelf Platform; II = Aggitated and Restricted 
Marine Shoals (also represented by solid pattern); III = Open to 
Restricted Lagoons; IV= Intertidal Flat Areas; V = Upper Intertidal 
to Supratidal Areas). 
The statigraphic sections correspond to sections 1 through 5. 
Sect i on s A ( Fonte n el l e Gap, NE l / 4 sec. 5, T. 2 4 N., R. 115 W., Li n col n 
Co., Wyo.) and B (Thomas Fork Canyon, Sec. 19 and 20, T. 28 N., R. 120 
W., Lincoln Co., Wyo.) were measured by Imlay (1967). 
In Plate 2, the abbreviation Foss. WS. LF. stands for fossiliferous 
wackestone lithofacies. 
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